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LIPOPROTEI!\iREGULATI»G MEDICAMENTS 
Field of the invention 

The present invention relates to medicaments that are useful for modulating lipoprotein levels in vivo. 
More particularly, the invention relates to medicaments that modify the activity of the Lipolysis Stimulated Receptor 
5 (LSR) and that can be used to influence the partitioning of dietary lipids between the liver and peripheral tissues, 
including adipose tissue. 

Bacl(around of the Invention 

Obesity is a public health problem which is both serious and widespread. One-third of the population in 

industrialized countries has an excess weight of at least 20% relative to the ideal weight. The phenomenon continues 
1 0 to worsen, particularly in regions of the globe where economies are modernizing. In the United States, the number of 

obese people has escalated from 25% at the end of the 70s to 33% at the beginning of the 90s. 

Obesity considerably increases the risk of developing cardiovascular or metabolic diseases. It is estimated 

that if the entire population had an ideal weight, the risk of coronary insufficiency would decrease by 25% and that 

of cardiac insufficiency and of cerebral vascular accidents by 35%. Coronary insufficiency, atheromatous disease 
IS and cardiac insufficiency are at the forefront of the cardiovascular complications induced by obesity. For an excess 

weight greater than 30%, the incidence of coronary diseases is doubled in subjects under 50 years. Studies carried 

out for other diseases are equally eloquent. For an excess weight of 20%, the risk of high blood pressure is doubled. 

For an excess weight of 30%, the risk of developir^ a non-insulin-dependent diabetes is tripled. That of 

hyperlipidemias is multiplied six fold. 
20 The list of diseases having onsets promoted by obesity is long: hyperuricemia [11.4% in obese subjects, 

against 3.4% in the general population], digestive pathologies, abnormalities in hepatic functions, and even certain 

cancers. 

Whether the physiological changes in obesity are characterized by an increase in the number of adipose 
cells, or by an increase in the quantity of triglycerides stored in each adipose cell, or by both, this excess weight 

25 results mainly from an imbalance between the quantities of calories consumed and those of the calories used by the 
body. Studies on the causes of this imbalance have been in several directions. Some have focused on studying the 
mechanism of absorption of foods, and therefore the molecules which control food intake and the feeling of satiety. 
Otter studies have characterized the pathways through which the body uses its calories. 

The treatments for obesity which have been proposed are of four types. Food restriction is the most 

30 frequently used. The obese individuals are advised to change their dietary habits so as to consume fewer calories. 
This type of treatment is effective in the short-term. However, the recidivation rate is very high. The increase in 
calorie use through physical exercise is also proposed. This treatment is ineffective when applied alone, but it 
improves, however, weight-loss In subjects on a low-calorie diet. Gastrointestinal surgery, which reduces the 
absorption of the calories ingested, is effective but has been virtually abandoned because of the side effects which it 

35 causes. The medicinal approach uses either the anorexigenic action of molecules involved at the level of the central 
nervous system, or the effect of molecules which increase energy use by increasing the production of heat. The 
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prototypes of this type of molecule are the thyroid hormones which uncouple oxidative phosphorylations of the 
mitochondrial respiratory chain. The side effects and the toxicity of this type of treatment make their use dangerous. 
An approach which aims to reduce the absorption of dietary lipids by sequestering them in the lumen of the digestive 
tube is also in place. However, it induces physiological imbalances which are difficult to tolerate: deficiency in the 
5 absorption of fat-soluble vitamins, flatulence and steatorrhoea. Whatever the envisaged therapeutic approach, the 
treatments of obesity are all characterized by an extremely high recidivation rate. 

The molecular mechanisms responsible for obesity in man are complex and involve genetic and 
environmental factors. Because of the low efficiency of the treatments known up until now, it is urgent to define the 
genetic mechanisms which determine obesity, so as to be able to develop better targeted medicaments. 
10 More than 20 genes have been studied as possible candidates, either because they have been implicated in 

diseases of which obesity is one of the clinical manifestations, or because they are homologues of genes involved in 
obesity in animal models. Situated in the 7q31 chromosomal region, the QB gene is one of the most widely studied. 
Its product leptin, is involved in the mechanisms of satiety. Leptin is a plasma protein of 16 kDa produced by the 
adipocytes under the action of various stimuli. Obese mice of the ob/ob type exhibit a deficiency in the leptin gene; 
15 this protein is undetectable in the plasma of these animals. The administration of leptin obtained by genetic 
engineering to ob/ob mice corrects their relative hyperphagia and allows normalization of their weight. This 
anorexigenic effect of leptin calls into play a receptor of the central nervous system: the ob receptor which belongs 
to the family of class 1 cytokine receptors. The ob receptor is deficient in obese mice of the dbfdb strain. The admini- 
stration of leptin to these mice has no effect on their food intake and does not allow substantial reduction in their 
20 weight. The mechanisms by which the ob receptors transmit the signal for satiety are not precisely known. It is 
possible that neuropeptide Y is involved in this signalling pathway. It is important to specify at this stage that the ob 
receptors are not the only regulators of appetite. The Melanocortin 4 receptor is also involved since mice made 
deficient in this receptor are obese {Gura, Science 275: 751 (1997)). 

The discovery of leptin and the characterization of the leptin receptor at the level of the central nervous 
25 system have opened a new route for the search for medicaments against obesity. This model, however, rapidly 
proved disappointing. Indeed, with only one exception (Montague et al.. Nature 387:903 (1997)), the genes encoding 
leptin or its ob receptor have proved to be normal in obese human subjects. Furthermore and paradoxically, the 
plasma concentrations of leptin, the satiety hormone, are abnormally Itigh in most obese human subjects. 

Clearly there remains a need for novel medicaments that are useful for reducing body weight in humans. 
30 Such a pharmaceutical composition advantageously would help to control obesity and thereby alleviate many of the 
cardiovascular consequences associated with this condition. 

Summary of the invention 
One aspect of the present invention relates to an agent which influences the partitioning of dietary lipids 
between the liver and peripheral tissues for use as a medicament. In one embodiment, this agent can be used for 
35 treating a condition in which it is desirable to increase the partitioning of dietary lipids to the liver, reducing food 
intake in obese individuals, reducing the levels of free fatty acids in obese individuals, decreasing the body weight of 
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obese individuals, or treating an obesity related condition selected from tiie group consisting of obesity-related 
atherosclerosis, obesity-related insulin resistance, obesity-related hypertension, nicroangiopathic lesions resulting 
from obesity-related Type II diabetes, ocular lesions caused by microangiopathy in obese individuals with Type II 
diabetes, and renal lesions caused by microangiopathy in obese individuals with Type II diabetes. According to 
5 another embodiment of the invention, the agent which influences the partitioning of dietary lipids between the liver 
and peripheral tissues is any one of: AdipoQ analogues, AdipoQ homologs, AdipoQ derivatives or fragments of any of 
the preceding agents. In yet another embodiment the agent includes an LSR antagonist or an LSR agonist. 

Another aspect of the invention relates to a polypeptide that includes a consensus sequence selected from 
the group consisting of SEQ ID N0:1 and SEQ ID NQ:2 for use as a medicament. 
10 Yet another aspect of the invention relates to a polypeptide comprising an amino acid sequence which 

alternatively may have at least 25% homology to one of the sequences of SEQ ID NGs.: 7-14, at least 50% homology 
to one of the sequences of SEQ ID NOs.: 7-14 or at least 80% homology to one of the sequences of SEQ ID NOs: 7- 
14 for use as a medicament. 

Still yet another aspect of the invention relates to a Clq polypeptide, derivative, homologue or a fragment 
1 5 of any of the preceding compounds for use as a medicament. 

A further aspect of the invention relates to an AdipoQ polypeptide or a derivative or homologue thereof or a 
fragment thereof for use as a medicament. 

Another aspect of the invention relates to an ApMI polypeptide or a derivative or homologue thereof or a 
fragment thereof for use as a medicament. 
20 Still another aspect of the invention relates to the use of a compound that influences the partitioning of 

dietary lipids between the liver and peripheral tissues in the manufacture of a medicament for treating a condition in 
which the partitioning of dietary lipids to the liver is abnormal or higher than is desirable. In one embodiment, this 
medicament can be used for reducing food intake in obese individuals, reducing the levels of free fatty acids in obese 
individuals, decreasing the body weight of obese individuals, or treating an obesity related condition selected from 
25 the group consisting of obesity-related atherosclerosis, obesity-related insulin resistance, obesity-related 
hypertension, microangiopathic lesions resulting from obesity-related Type II diabetes, ocular lesions caused by 
microangiopathy in obese individuals with Type 11 diabetes, and renal lesions caused by microangiopathy in obese 
individuals with Type II diabetes. According to a different embodiment the compound is one that is selected is any 
of: AdipoQ analogues, AdipoQ homologs, AdipoQ derivatives, and fragments of any of the preceding agents. 
30 According to yet a different embodiment the compound is an agonist or antagonist of the Lipolysis Stimulated 
Receptor. According to still another embodiment the compound can be any polypeptide comprising an amino acid 
sequence having at least 25% homology to one of the sequences of SEQ ID NOs.: 7-14, at least 50% homology to 
one of the sequences of SEQ ID NOs.: 7-14 or at least 80% homology to one of the sequences of SEQ ID NOs: 7-14 
According to a different embodiment, the compound is a polypeptide that specifically binds a y subunit of the 
35 Lipolysis Stimulated Receptor or a gC1q-R or a gClq-R homologue, but the compound is not a subunit of the Lipolysis 
Stimulated Receptor, in this instance, the compound includes a polypeptide that can be Clq, AdipoQ, ApMI, Acrp 
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30, cerebeliin or muitimerin, or fragments of any of these polypeptides, in another embodiment, the compound that 
influences the partitioning of dietary lipids between the liver and peripheral tissues can be a polypeptide having 
binding specificity for a y subunit of the Lipolysis Stimulated Receptor or a gC1q-R or a gC1q-R homologue for the 
treatment of obesity. In this instance, the polypeptide is not a subunit of the Lipolysis Stimulated Receptor. 
5 According to another embodiment the polypeptide can have about 25% homology to an ApMI protdn, about 50% 
homology to an ApM1 protein or about 80% homology to an ApMI protein. More particularly, the polypeptide can be 
any of Clq, AdipoQ, ApMI, Acrp 30, cerebeliin or muitimerin, or fragments of any of these polypeptides. 
Additionally, the polypeptide can be a human polypeptide, and can be the ApMI polypeptide or a fragment of the 
ApMI polypeptide. 

10 Another aspect of the invention relates to a polypeptide that specifically binds the gC1q-R protein for use 

in the treatment of obesity, wherein the polypeptide is not a subunit of the Lipolysis Stimulated Receptor. In one 
embodiment, the polypeptide can be any of Clq, AdipoQ, ApMI, Acrp 30, cerebeliin or muitimerin. 

A still further aspect of the invention relates to a composition for modulating activity of the Lipolysis 
Stimulated Receptor. This composition includes a compound having binding specificity for the gC1q-R protein, but 

15 the confound cannot be a subunit of the Lipolysis Stimulated Receptor. The invented composition also indudes a 
pharmaceutically acceptable carrier. 

Another aspect of the invention relates to a composition for modulating activity of the Lipolysis Stimulated 
Receptor. This composition includes: (1) a polypeptide comprising an amino acid sequence at least 25% homologous 
to a sequence selected from the group consisting of any one of SEQ ID NOs 7-14, and a pharmaceutically acceptable 

20 carrier. 

Still another aspect of the invention relates to a composition for modulating the activity of the Lipolysis 
Stimulated Receptor and includes: (1 ) a polypeptide that includes a conscious sequence that is either SEQ ID N0:1 or 
SEQ ID N0:2, and a pharmaceutically acceptable carrier. 

Another aspect of the invention relates to a method of reducing plasma lipoprotein levels in an animal. This 
25 method includes the steps of: first identifying an animal having a measurable plasma lipoprotein level, then 
administering to the animal a composition that includes a pharmaceutically acceptable carrier and a polypeptide that 
is at least 25% homologous to an ApMI protein and finally allowing passage of a period of time to permit reduction 
in the measurable plasma lipoprotein level. In a particular case the animal is a mammal. In a particular embodiment 
the composition may be administered by injection, for example by injecting intravenously. Alternatively, the 
30 composition may be administered by surgically implanting an infusion device that slowly releases the composition. 

Another aspect of the invention relates to a method of identifying candidate pharmaceutical agents for 
reducing ^asma triglyceride levels in an animal. This method involves first identifying a compound that includes a 
consensus sequence that may be either SEQ ID N0:1 or SEQ ID N0:2, obtaining a test animal having an initial level of 
plasma triglycerides, administering the compound to the test animal waiting for a period of time, measuring a post- 
35 treatment level of plasma triglycerides in a blood sample obtained from the test animal and thereafter identifying as 
candidate pharmaceutical agents any compound that results in a post-treatment level of plasma triglycerides that is 
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lower than the initial level. In one embodiment the test animal is a mammal and the method may involve feeding a 
high-fat meal to this mammal. The high-fat meal can include about 60% fat about 20% protein, and about 20% 
carbohydrate. The fat component may include about 37% saturated fatty adds, about 36% polyunsaturated fatty 
acids and about 36% polyunsaturated fatty acids. 
5 Still another aspect of the invention relates to a method for treating an animal having a condition in which 

it is desirable to increase the partitioning of dietary lipids to the liver. This method includes the step of administering 
an LSR agonist to the animal having the condition. 

Still yet another aspect of the invention relates to a method for treating an animal having a condition in 
which it is desirable to decrease the partitioning of dietary lipids to the liver. This method includes the step of 
1 0 administering an LSR antagonist to the animal having the condition. 

In another apsect, the invention comprises an agent which increases the activity of a compound which 
increases the partitioning of dietary lipids to the liver for use as a pharmaceutical. In one embodiment of this aspect, 
the agent is for use in reducing food intake in obese individuals, reducing the levels of free fatty acids in obese 
individualSi decreasing the body weight of obese individuals, or treating an obesity related condition selected from 
15 the group consisting of atherosderosis {whether obesity-related or not), obesity-related insulin resistance, obesity- 
related hypertension, niicroangiopathic lesions resulting from obesity-related Type II diabetes, ocular lesions caused 
by microangiopathy in obese subjects with Type II diabetes, and renal lesions caused by microangiopathy in obese 
subjects with Type II diabetes. In another embodiment of this aspect, the agent increases the activity of adipoQ, 
ApMI, a compound analogous to adipoQ or ApMI, or the LSR receptor. In a further embodiment of this aspect, the 
20 agent is selected from the group consisting of derivatives of adipoQ, ApMI, CI q, derivatives of a compound 
analogous to any of the preceding compounds wherein the derivatives exhibit greater activity than the corresponding 
wild type protein and antibodies capable of specifically binding the y subunit, the Clq receptor (gC1q-R) or a protein 
related thereto. In yet another embodiment of this apsect the agent is selected from the group consisting of 
derwatives of compounds comprising at least one of the sequences of SEQ ID NOs.: 1 and 2, derivatives of 
25 compounds comprising an anrino acid sequence having at least 25% homology to a sequence selected from the group 
consisting of SEQ ID NOs. 7-14, derivatives of compounds comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and derivatives of compounds 
comprising an amino acid sequence having at least 80% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14, wherein the derivatives exhibit greater activity than the corresponding wild type protein. In 
30 still a further embodiment of this aspect, the agent comprises a nudeic add encoding a polypeptide or protein which 
influences the partitioning of dietary lipids between the liver and peripheral tissues for use as a medicament. In 
another embodiment of this aspect, the nucleic add encodes a protein or polypeptide selected from the group 
consisting of adipoQ, ApMI, Clq, polypeptides analogous to ApMI, polypeptides having at least one of the 
consensus sequences of SEQ ID NO: 1 and SEQ ID NO: 2, analogs of any of the preceding polypeptides, homologs of 
35 any of the preceding polypeptides, derivatives of any of the preceding polypeptides, and fragments of any of the 
preceding polypeptides. In still another embodiment of this aspect, the nudeic acid encodes a polypeptide selected 



SUBSTITUTE SHEET (RULE 26) 



wo 99/07736 



.6- 



PCT/IB98/01256 



from the group consisting of polypeptides comprising an amino acid sequence having at least 25% homology to one 
of the sequences of SEQ ID NOs,: 7-14, polypeptides comprising an amino acid sequence having at least 50% 
homology to one of the sequences of SEQ ID NOs.: 7-14, and polypeptides comprising an amino acid sequence having 
at least 80% homology to one of the sequences of SEQ ID NOs: 7-14. in a further embodiment of this aspect the 
5 agent is selected from the group consisting of small molecules and drugs. In yet another embodiment of this aspect, 
the agent is for administration to an individual having a below normal level of activity of adipoQ, ApMI, or an 
anaioguous protein. 

Another aspect of the present invention is an agent whidi decreases the activity of a compound which 
increases the partitioning of dietary lipids to the liver for use as a pharmaceutical In one embodiment of this aspect. 

1 0 the agent is for use in treating cachexia in subjects with neoplastic or para-neopiastic syndrome or eating disorders. 
In another embodiment of this aspect, the agent decreases the activity of adipoQ, ApMI, a compound analogous to 
adipoQ or ApWII , or the LSR receptor. In a further embodiment of this aspect, the agent is an antibody which binds a 
compound selected from the group consisting of adipoQ, ApMI, Clq, a protein analogous to any of the preceding 
proteins, a derivative of adipoQ, Clqa, Clqb, Clqc, mul, cer, ApMI, or acrp which inhibits the activity of wild type 

15 adipoQ or wild type ApMI, fragments of any of the preceding polypeptides, the y subunit, the Clq receptor (gClq-R) 
or a protein related thereto. In yet another embodiment of this aspect, the agent is an antibody which binds a 
polypeptide selected from the group consisting of polypeptides comprising at least one of the sequences of SEQ ID 
NOs.: 1 and 2, polypeptides comprising an amino acid sequence having at least 25% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, polypeptides comprising an amino acid sequence having at 

20 least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and polypeptides 
comprising an amino acid sequence having at least 80% homology to a sequence selected from the group consisting 
of SEQ ID NQs. 7-14. In a further embodiment of this aspect, the agent is selected from the group consisting of 
antisense nucleic acids to the adipoQ gene, the ApMI gene or a portion thereof and nucleic acids capable of forming 
a triple helix with a portion of the adipoQ gene or the ApMI gene. In yet another embodiment of this aspect, the 

25 agent is selected from the group consisting of antisense nucleic acids to a gene encoding a polypeptide comprising at 
least one of the sequences of SEQ ID NOs.: 1 and 2, a gene encoding a polypeptide comprising an amino acid 
sequence having at least 25% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, a 
gene encoeding a polypeptide comprising an amino acid sequence having at least 50% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, and a gene encoding a polypeptide comprising an amino acid 

30 sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14. In a 
further embodiment of this aspect, the agent is selected from the group consisting of small molecules and dmgs. In a 
further embodiment of this aspect, the agent is for administration to an individual having a level of adipoQ or ApMI 
activity which is above normal. 

Another aspect of the present invention is a method for determining whether an obese individual is at risk 
35 of suffering from a condition selected from the group consisting of a condition associated with a lower than desirable 
level of partioning of dietary lipids to the liver, obesity-related atherosclerosis, obesity-related insulin resistance, 
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obesity-related hypertension, microangiopathic lesions resulting from obesity-related Type 11 diabetes, ocular lesions 
caused by microangiopathy in obese subjects with Type II diabetes, and renal lesions caused by microangiopathy in 
obese subjects with Type 11 diabetes^ comprising the step of determining whether the individual has a lower than 
normal level of adlpoQ activity, ApMI activity, or activity of a compound analogous thereto. 
5 Another aspect of the present invention is a method for increasing the partitioning of dietary lipids to the 

liver comprising administering an agent which increases the activity of a compound selected from the group 
consisting of adipoQ, ApMI, Clq, compounds analogous to Clq, compounds comprising at least one sequence 
selected from the group consisting of SEQ ID l\IO:1 and SEQ 10 N0:2, compounds comprising an amino acid sequence 
having at least 25% homology to a sequence selected from the group consisting of SEQ ID NOs. 7>14, compounds 

1 0 comprising an amino acid sequence having at least 50% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14, and connpounds comprising an amino acid sequence having at least 80% homology to a 
sequence selected from the group consisting of SEQ ID NOs. 7-14 to an individual. In one enAodiment of this aspect, 
the individual suffers suffers from a condition selected from the group consisting of obesity, obesity-related 
atherosclerosis, obesity-related insulin resistance, obesity-related hypertension, microangiopathic lesions resulting 

15 from obesity-related Type II diabetes, ocular lesions caused by microangiopathy in obese subjects with Type II 
diabetes, and renal lesions caused by microangiopathy in obese subjects with Type II diabetes. In another 
embodiment of this aspect the agent is selected from the groiq) consisting of a derivative of adipoQ, ApMI or an 
analogous compound which exhibits greater activity than the corresponding wild type protein, nucleic acids encoding 
adipoQ, ApMI, or an analogous compound, fragments of any of the preceding compounds, and nucleic acids encoding 

20 a derivative of adipoQ, ApM1, or an analogous compound having greater activity than the corresponding wild type 
protein, and fragments of any of the preceding compounds. In a further aspect of this embodiment, the agent is 
administered if it is determined that the level of ApMI, or an analogous protein in the individual is below normal. 

Another aspect of the present invention is a method for decreasing the partitioning of dietary lipids to the 
liver comprising adnrinistering an agent which decreases the activity of a compound selected from the group 

25 consisting of adipoQ, ApMI, Clq, compounds analogous to Clq, compounds comprising at i^st one sequence 
selected from the group consisting of SEQ ID N0:1 and SEQ ID NQ:2, confounds comprising an amino acid sequence 
having at least 25% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds 
comprising an amino acid sequence having at least 50% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14, ard compounds comprising an amino acid sequence having at least 80% homology to a 

30 sequence selected from the group consisting of SEQ ID NOs. 7*14 to an individual. In one embodiment of this aspect, 
the individual suffers from a condition selected from the group consisting of cachexia in subjects with neoplastic or 
para-neoplastic syndrome or eating disorders. In another embodiment of this aspect, the agent is selected from the 
group consisting of an antibody which binds adipoQ, ApMI, Clq or an analogous protein, a derivative of adipoQ, 
Clqa, Clqb, C1qc, mul, cer, ApMI, or acrp which inhibits the activity of wild type adipoQ or wild type ApMI, a 

35 fragment of the derivative, antisense nucleic acids to the adipoQ gene, the ApMI gene or a portion thereof, nucleic 
acids capable of forming a triple helix with a portion of the adipoQ gene or the ApM1 gene, and antibodies capable of 
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binding the y subunit, the Clq receptor (gClq-R) or a protein related thereto. In still another embodiment of this 
aspect the agent is administered if it is determined that the level of adipoq, ApMl, or an analogous protein in the 
individual is above normal 

Another aspect of the present invention is a method of identifying a candidate compound for regulating the 

5 partitioning of dietary lipids between the liver and the adipose tissue comprising the steps of contacting the y 
subunit, the Clq receptor (gC1q-R) a protein related thereto, or a fragment thereof with one or more molecules to be 
tested for binding activity under conditions which permit specific binding of the molecule to the y subunit Clq 
receptor (gC1q-R}, protein related thereto, or fragment thereof and determining whether the one or more molecules 
bind to the y subunit, Clq receptor (gC1q-RL protein related thereto, or fragment thereof. In one embodiment of this 

1 0 aspect, the contacting step is performed using a cell expressing the y subunit, C 1 q receptor (gC 1 q-R), protein related 
thereto, or fragment thereof, in another embodiment of this aspect, the y subunit, C1q receptor (gClq-R), protein 
related thereto, or fragment thereof is immobilized on a support. In yet another embodiment of this aspect, the 
method further comprises contacting the y subunit, Clq receptor (gC1q-R), protein related thereto, or fragment 
thereof with a known ligand and determining the ability of the one or more molecules to be tested for binding activity 

15 to compete with the known ligand for binding to the y subunit, Clq receptor (gClq-R), protein related thereto, or 
fragment thereof. In a further embodiment of this aspect, the molecule to be tested for binding to the y subunit, Clq 
receptor (gClq-R), protein related thereto, or fragment thereof is selected from the group consisting of polypeptides, 
prides, derivatives or analogs thereof, drugs, and small molecules. 

Another aspect of the invention relates to a method of identifying candidate pharmaceutical agents for 

20 reducing plasma triglyceride levels in an animal. This method involves first administering a compound to a test, and 
measuring a post-treatment level of plasma triglycerides in a blood sample obtained from the test animal. In one 
embodiment the test animal is a mammal and the method may involve feeding a high-fat meal to this mammal. The 
high-fat meal can include about 60% fat about 20% protein, and about 20% carbohydrate. The fat component may 
include about 37% saturated fatty acids, about 36% polyunsaturated fatty acids and about 36% polyunsaturated 

25 fatty adds. 

Brief Description of the Drawings 

Figure 1 is a line graph showing the inhibitory effect of antibodies directed against synthetic peptides 
representing the amino-terminal and carboxy-terminal regions of the gClq-R protein. Oleate-induced binding of ^^^1- 
LDL to rat hepatocyte plasma membranes was measured in the presence of increasing concentrations of antibodies 

30 directed against an amino-terminal peptide of gC1q-R (■); antibodies directed against a carboxy-terminal peptide of 
gClq-R (O) or a negative control antibody (□). 

Figures 2A'2C show line graphs representing different aspects of LSR activity. The graphs show results 
for (A) binding, (B) internalization, and (C) degradation of labeled LDL, a model lipoprotein, in the presence and 
absence of oleate at increasing concentrations of Clq. Values on the vertical axis are presented in ng of ^^^l-LDL per 

35 mg of cellular protein that was bound, internalized and degraded per dish in the presence {■) or in the absence {□) of 
oleate. 
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Figure 3 shows an alignment of several proteins that are analogous to Clq. The globular domains of 
proteins belonging to the C1q complement family were aligned using clustalW. The various aligned sequences are: 

C1qa-1 1 7: protein sequence of complement Clq A (reference Swiss Prot: P02745), from the amino acid at 
position 1 17 (SEQ ID N0:7) 

5 - Clqb-122: protein sequence of complement Clq B (reference Swiss Prot: P02746), from the amino acid at 
position 122 (SEQ ID N0:8) 

Clqc-121: protein sequence of complement Clq C (reference Swiss Prot: P02747), from the amino acid at 
position 121 (SEQ ID I\10:9) 

mul-llBO: protein sequence translated from the nucleic sequence for multimerin (GenBank, Accession: 
10 U27109) from amino acid 1 160 (SEQ ID N0:14) 

cer-B4: protein sequence translated from the nucleic sequence for cerebellin (Gerfiank, Accession: 
M58583) from amino acid 64 (SEQ ID N0:10) 

apmMlB: protdn sequence translated from the nucleic sequence for ApWll (GenBank, Accession: 
D453711 from amino acid 1 15 (SEQ ID N0:1 1) 
1 5 . adQ-1 18: protein sequence translated from the nucleic sequence for AdipoQ (Genbank, Accession: U49915} 
from amino acid 1 1 8 (SEQ ID N0:1 2) 

acrp-118: protein sequence translated from nucleic sequence for acrpSO (GenBank, Accession: U37222) 
from amino acid 118 (SEQ ID N0:13). 
Boxed sequences show the two portions of alignment corresponding to the Clq signature, the first corresponding to 
20 the consensus deposited in the Prosite data base (#PD0C00857): F-x(5)-[N/Dl-x(4).IF/Y/W/L]'X(6)-F-x(5)-G-x-Y.x.F-x- 
[F/Yl (SEQ ID N0:1), the second at the COOH-end of the proteins is: IS/Tl-x-F-fS/Tl-G-lF/Yl-L-lL/Vl-lF/Yl (SEQ ID N0:2). 
In these sequences, the square brackets ([ ]) enclose alternative amino acids that can occupy a position and numbers 
indicate the number of iterations of an unspecified amino acid. The arrows (V) above the alignments mark the 
positions of the cystein residues conserved in the three forms of Clq but not in the other aligned proteins. The 
25 symbols (*) placed under the alignments indicate the conserved amino acids, the synAols (.) indicate the conservative 
substitutions of amino acids. 

Figures 4A-4C show bar graphs representing different aspects of LSR activity. The graphs show results for 
(A) binding; (B) uptake or internalization; and (C) degradation of ^^^HDL by cultured hepatocytes. Open bars 
represent the difference between values obtained after incubation with and without 0.6 mM oleate in the absence of 
30 AdipoQ. Closed bars show the same parameters in samples incubated with 25 ng AdipoQ. 

Figure 5 is a line graph showing the postprandial iipemic response in rats injected with AdipoQ. 
Figures 6A-6B are bar graphs representing results obtained following infusion of AdipoQ in rats. The 
graphs show results for (A) weight loss; and (B) plasma triglyceride levels. 

Figures 7A-7B are bar graphs representing daily food intake for (A) ob/ob mice; and (B) db/db mice that 
3 S were either controls or administered with AdipoQ. 
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Detailed Description of the Preferred Embodiment 

Dvervfew 

Herein we disclose compositions and methods that are useful for modulating the activity of the "Lipolysis 
Stimulated Receptor" (LSR). As detailed below, the ability to modulate LSR activity provides a means for intervening 
5 in pathologies that involve abnormalities in lipid metabolism. More particularly, we have discovered a family of 
confounds that can be incorporated into medicaments which, when administered in vitro or in vivo, advantageously 
enhance LSR activity. As a consequence, lipoproteins are efficiently bound, internalized and degraded by 
hepatocytes. 

When used in this fashion, compounds that enhance LSR activity, particularly those that enhance receptor 
10 activity can promote weight loss. In contrast to LSR-activating compounds, agents that inhibit LSR activity can be 
used to promote lipid storage in adipose tissue because lipoprotein degradation by the liver will be reduced. The 
invented compositions and methods are useful for treating conditions that include: obesity and anorexia, 
hyperlipidemias, atherosclerosis, diabetes, hypertension, and more generally the various pathologies associated with 
abnormalities in the metabolism of cytokines. 
15 Introduction 

The present invention relates generally to methods and compositions that are useful for regulating the 
activity of a multi-subunit receptor called LSR. The LSR is expressed on the surface of hepatic ceils and binds 
lipoproteins in the presence of free fatty acids, in the absence of free fatty acids the LSR can bind a cytokine, 
preferably leptin. Importantly, the LSR is also capable of binding gClq-R (Ghebrehiwet et al.,J. Exp. Med, 179:1809 

20 (1994)) or a gClq-R-like receptor. Those having ordinary skill in the art will understand that the gClq-R is a receptor 
for Clq, a protein that is a key conponent of tiie complement system and that is also known to activate 
phagocytosis by macrophages. 

In brief, the LSR includes at least one a and one |3 subunit, preferably one a and three [3 subunits. Both a 
and p subunits are the translation products of two mRNA species that result from alternative splicing of a common 

25 precursor RNA. An a' {alpha prime) subunit, which is an integral membrane protein like the a subunit and is encoded 
by a third alternatively spliced mRNA, is believed to be a constituent of LSR in the alternative to the a subunit. 
Further inclusion of a y subunit, which may be gClq-R or a gC1q-R-like receptor protein, with the LSR results in the 
fonnation of "LSR complex." We postulate that tiie gC1q*R or the gC1q*R-like protein serves as a molecular 
chaperon that associates with LSR. 

30 We believe that agents which modify the structure of the LSR complex by perturbing interaction of the y 

subunit with the LSR effectively activate the LSR in the absence of free fatty acids. The effect of this perturbation 
can be measured as increased hepatocyte binding, internalization and degradation of lipoproteins. When lipids are 
degraded within liver cells, fewer lipids are available for uptake and storage by adipose tissue. 
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Definitions 

As used herein, the terms "LSR" and "LSR receptor" refer to the combination of a or a' and p subunits 
that make up a receptor primarily expressed on the surface of hepatocytes and that can bind and facilitate the 
internalization and degradation of lipoproteins by hepatocytes. 
S As used herein, "LSR complex" refers to an LSR receptor which further includes a y subunit. 

As used herein, the term polypeptide is understood to designate a protein or a peptide. 

Equivalent polypeptide will be understood to mean a polypeptide having at least one of the activities of a 
subject polypeptide. Thus, for example, if a subject polypeptide is able to inhibit binding of a y subunit to the LSR to 
form an LSR complex, then in this context an equivalent polypeptide will be a polyp^tide that similarly is able to 
1 0 inhibit binding of the y subunit to the LSR. 

Homologous polypeptide will be understood to mean polypeptides that exhibit certain modifications when 
compared with the natural polypeptide. These modifications include a deletion, truncation, extension, chimeric fusion 
and/or mutation, in particular a point mutation. Among the homologous polypeptides, those in which the amino acid 
sequence exhibits at least 80%, preferably 90%, homology with the amino acid sequences of the polypeptictes 
1 5 according to the invention are preferred. 

Derivative polypeptide (or derivative protein] will be understood to mean all the mutated polypeptides which 
may exist, including truncations, deletions andlor additions of amino acid residues (including naturally occurring amino 
acids, modified and unusual amino acids such as those listed In Table 4 of WlPO Standard ST.25 (1998), and non- 
naturally occurring amino acids), substitutions or mutations, in particular point mutations, regardless of whether they 
20 are naturally occurring or whether they have been artificially. Artificially generated derivates may be created using a 
variety of techniques, including mutagenesis of nucleic acids encodingthe polypeptides, diemical synthesis, or 
chemical modification. 

As used herein the terms "obesity" and "obesity-related" are used to refer to individuals having a body 
mass which is measurably greater than ideal for their height and frame. Preferably, these terms refer to individuals 

25 with body mass index values of greater than 1 Q, more preferably with body mass index values of greater than 20, 
and most preferably with body mass index values of greater than 35. 

Polypeptide fragment is understood to mean a polypeptide or a peptide comprising at least 5, at least 7, at 
least 10, at least 15, at least 30, or more than 30 consecutive amino acids of the polypeptide from which they are 
derived. It will be understood that a polypeptide fragment may be obtained from a derivative polypeptide. 

30 Biologically active fragments of a polypeptide will be understood to mean a portion of a larger polypeptide 

wherein said portion retains an activity characteristic of the larger polypeptide, and wherein the activity is 
measurable in any biological system. For example, a polypeptide fragment is deemed to be "biologically active" if it 
demonstrates a statistically significant change in activity in any of the assays described in Examples 1, 2, 6, 7, 8, 9 
or 10. Thus, for example, if a protein characteristically modifies the interaction between the y subunit and the LSR 

35 receptor, then a biologically active fragment of that protein would be a portion of the protein that retains the ability 
to modify said interaction. 
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A polynucleotide, nucleic sequence or nucleic acid is understood to mean an isolated natural or synthetic 
DMA and/or RNA molecule which may include non-natural nucleotides. 

Equivalent polynucleotide sequences are understood to mean nucleic acid sequences encoding the 
polypeptides according to the invention, taking into account the degeneracy of the genetic code, the complementary 
5 DNA sequences ami the corresponding RNA sequences, as well as the nucleic acid sequences encoding the equivalent 
polypeptides. 

Homologous nucleic sequ^ces are understood to mean the nucleic sequences encoding the homologous 
polypeptides and/or the nucleic sequences exhibiting a level of homology of at least 80%, preferably 90%. According 
to the invention, the homology is ordy of the statistical type, it means that the sequences have a minimum of 80%, 

1 0 preferably 90%, of nucleotides in common. 

Allele or allelic variant will be understood to mean the natural mutated sequences corresponding to poly- 
morphisms present in human beings and, in particular, to polymorphisms which can lead to the onset and/or to the 
development of obesity or of anorexia. These polymorphisms can also lead to the onset and/or to the development of 
risks or complications associated with obesity, in particular at the cardiovascular level and/or of pathologies 

1 5 associated with abnormalities in the metabolism of cytokines. 

Mutated nucleic sequences are understood to mean the nucleic sequences comprising at least one point 
mutation compared with the normal sequence. 

While the s^uences according to the invention are in general wild type sequences, they are also mutated 
sequences since they conqirise at least one point mutation and preferably at most 10% of mutations compared with 

20 the wild type sequence. 

As referred to herein, methods and medicaments of the invention can be used for treating animals, 
including birds, fish and mammals. It is to be understood that the category of mammals includes mammals such as 
mice, rats, rabbits, domesticated mammals and human beings. Although the methods of treatment can be applied to 
non-human mammals, we ctearly enmm that humans can also be treated using the methods and medicaments 

25 disclosed herein. 

LSR Activitv-Modulatinq Compounds 

Using the methods disclosed herein, compounds that selectively modulate the activity of the LSR in vitro 
and in mo have been identified. The compounds identified by the process of the invention include, for example, 
antibodies having binding specificity for the gClq-R protein, Clq and AdipoQ. Since ApMI is reasonably expected to 

30 represent the human homologue of murine AdipoQ, as described hdow, it follows that ApMI will be useful for 
modulating LSR activity and lipoprotein metabolism in humans. More generally, it is expected that homologues of 
Clq will be useful for modulating LSR activity and lipoprotein metabolism. The compounds of the present invention, 
however, are not limited to any particular chemical stmcture, as they are solely defined by the assay cascade of the 
invention, which allows, for the first time, for systematic and rational identification of highly potent and selective 

3 5 modulators of the hepatocyte-specif ic LSR on a molecular level. 
Indications 
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While not wishing to be bound by any particular theory of operation, the compounds identified by the 
niethods of the present invention are believed to bind to the y subunit of the LSR complex whereat the compound 
either will enhance or inhibit LSR activity. Thus, pharmaceutical compositions comprising a therapeutically effective 
amount of a compound identified by the process of the invention will be useful for the treatment of diseases 
5 characterized by high levels of circulating triglycerides or an undesirably strong tendency for lipid deposition at 
adipose tissue. Alternatively, compounds that inhibit LSR activity will be useful for favoring lipid deposition to the 
adipose tissue and/or diminishing liver degradation of dietary lipids. 

Thus, in general, the disorders which may be treated with the compounds, compositions, medicaments and 
pharmaceutical fornmjlations identified by the process of the invention generally refer to disorders involving lipid 

1 0 metabolism. 

Pharmaceutical Formulations and Routes of Administration 

The identifi^ compounds can be administered to a mammal, including a human patient, alone or in 
pharmaceutical compositions where they are mixed with suitable carriers or excipient(s) at therapeutically effective 
doses to treat or ameliorate a variety of disorders associated with lipid metabolism. A therapeutically effective dose 

1 5 further refers to that amount of the compound sufficient to result in amelioration of symptoms as determined by the 
methods described herein. Thus, a therapeutically effective dosage of AdipoQ or ApMI will be that dosage of the 
compound that is adequate to promote reduced triglyceride levels following a high-fat meat and that will promote 
weight loss with continued periodic use or administration. Techniques for formulation and administration of the 
compounds of the instant application may be found in "Remington's Pharniaceuticai Sciences,'' Mack Publishing Co., 

20 Easton, PA, latest edition. 
Routes of Administration. 

Suitable routes of administration include oral, rectal, transmucosal, or intestinal administration, parenteral 
delivery, including intramuscular, subcutaneous, intramedullary Injections, as well as intrathecal, direct 
intraventricular, intravenous, intraperitoneal, intranasal or intraocular injections. A particularly useful method of 
25 administering compounds for promoting weight loss involves surgical implantation, for example into the abdominal 
cavity of the recipient, of a device for delivering the compound over an extended period of time. Sustained release 
formulations of the invented medicaments particularly are contemplated. 
Composition/Formulation 

Pharmaceutical compositions and medicaments for use in accordance with the present invention may be 
30 formulated in a conventional manner using one or more physiologically acceptable carriers comprising excipients and 
auxiliaries. Proper formulation is dependent upon the route of administration chosen. 

Certain of the medicaments described herein wilt include a pharmaceutically acceptable carrier and at least 
one polypeptide that is homologous to the Clq protein or a fragment thereof. In addition to medicaments that 
include protein components homologous to the C1q protein homologues, we also contemplate that non-protein 
35 compounds that interact with the y subunit of the LSR complex also will find utility as modulators of LSR activity, 
both in vitro and in vivo. Included among examples of C1q protein homologues that will find utility in modulating LSR 
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activity and/or stimulating a reduction of plasma lipoproteins and/or promoting weight loss are: the Clq proteins {Clq 
A, Clq B and Clq C), AdipoQ, ApMI, acrp 30, cerebellin and muitimerin. 

For injection, the agents of the invention may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks's solution, Ringer's solution, or physiological saline buffer such as a 
5 phosphate or bicarbonate buffer. For transnujcosal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art. 

Pharmaceutical preparations which can be used orally include push-fit capsules made of gelatin, as well as 
soft sealed capsules made of gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain 
the active ingredients in admixture with fillers such as lactose, binders such as starches, and/or lubricants such as 
10 talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or 
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers 
may be added. All formulations for oral administration should be in dosages suitable for such administration. 

For buccal administratioathe compositions may take the form of tablets or lozenges formulated in 
conventional manner. 

15 For administration by inhalation, the compounds for use according to the present invention are conveniently 

delivered in the form of an aerosol spray presentation from pressurized packs or a nebulizer, with the use of a 
suitable gaseous propellant, e,g.r carbon dioxide. In the case of a pressurized aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount. Capsules and cartridges of, e,g., gelatin, for use in an 
inhaler or insufflator, may be formulated containing a powder mix of the compound and a suitable powder base such 

20 as lactose or starch. 

The compounds may be formulated for parenteral administration by injection, B,g., by bolus injection or 
continuous infusion. Formulations for injection may be presented in unit dosage form, e.g., in ampoules or in 
multi-dose containers, with an added preservative. The compositions may take such forms as suspensions, solutions 
or emulsions in aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing and/or 

25 dispersing agents. 

Pharmaceutical formulations for parenteral administration include aqueous solutions of the active 
compounds in water-soluble form. Aqueous suspensions may contain substances which increase the viscosity of the 
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also 
contain suitable stabilizers or agents which increase the solubility of the compounds to allow for the preparation of 
3 0 highly concentrated solutions. 

Alternatively, the active ingredient may be in powder or lyophilized form for constitution with a suitable 
vehicle, such as sterile pyrogen-f ree water, before use. 

In addition to the formulations described previously, the compounds may also be formulated as a depot 
preparation. Such long acting formulations may be administered by implantation (for example subcutaneously or 
35 intramuscularly) or by intramuscular injection. Thus, for example, the compounds may be formulated with suitable 
polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 
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sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Additionally, the compounds may be delivered using a sustained-release system, such as semipermeable 
matrices of solid hydrophobic polymers containing the therapeutic agent. Various sustained release materials have 
been established and are well known by those skilled in the art. Sustained-reiease capsules may, depending on their 
5 chemical nature, release the compounds for a few weeks up to over 1 00 days. 

Depending on the chemical nature and the biological stability of the therapeutic reagent additional 
strategies for protein stabilization may be employed. 

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers or excipients. 
Examples of such carriers or excipients include but are not limited to calcium carbonate, calcium phosphate, various 
1 0 sugars, starches, cellulose derivatives, gelatin, and polymers such as polyethylene glycols. 
Effective Dosage. 

Pharmaceutical compositions suitable for use in the present invention include compositions wherein the 
active ingredients are contained in an effective amount to achieve their intended purpose. More specifically, a 
therapeutically effective amount means an amount effective to prevent development of or to alleviate the existing 

1 5 symptoms of the subject being treated. Determination of the effective amounts is well within the capability of those 
skilled In the art, especially in light of the detailed disclosure provided herein. 

For any compound used in the method of the invention, the therapeutically effective dose can be estimated 
initially from cell culture assays. For example, a dose can be formulated in animal models to achieve a circulating 
concentration range that includes or encompasses a concentration point or rsnge shown to effect enhanced or 

20 inhibited LSR activity in an in vitro system. Such information can be used to more accurately det^nvne useful doses 
in humans. 

A therapeutically effective dose refers to that amount of the compound that results in amelioration of 
symptoms in a patient. Toxicity and therapeutic efficacy of such compounds can be determined by standard 
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LD50, (the dose lethal to 

25 50% of the test population) and the ED50 {the dose therapeutically effective in 50% of the population). The dose 
ratio betvi^en toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio between 
LD50 and ED50. Compounds which exhibit high therapeutic indices are preferred. 

The data obtained from these cell culture assays and animal studies can be used in formulating a range of 
dosage for use in human. The dosage of such compounds lies preferably within a range of circulating concentrations 

30 that include the ED50, with little or no toxicity. The dosage may vary within this range depending upon the dosage 
form employed and the route of administration utilized. The exact formulation, route of administration and dosage 
can be chosen by the individual physician in view of the patienfs condition. (See, e,g,, Fingl et ai., 1975, in **The 
Pharmacological Basis of Therapeutics", Ch. 1 ). 

Dosage amount and interval may be adjusted individually to provide plasma levels of the active compound 

35 which are sufficient to maintain the LSR modulating effects. Dosages necessary to achieve the LSR modulating 
effect will depend on individual characteristics and route of administration. 
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Dosage intervals can also be determined using the value for the minimum effective concentration. 
Compounds should be administered using a regimen which maintains plasma levels above the minimum effective 
concentration for 10-90% of the time, preferably between 30-90%; and most preferably between 50-90%. In cases 
of local administration or selective uptake, the effective local concentration of the drug may not be related to plasma 
S concentration. 

The amount of composition administered will, of course, be dependent on the subject being treated, on the 
subject's weight the severity of the affliction, the manner of administration and the judgment of the prescribing 
physician. 

A preferred dosage range for the amount of polypeptide homolog of Clq, such as AdipoQ or ApMI, that 

10 can be administered on a daily or regular basis to achieve desired results, including a reduction in levels of circulating 
plasma triglycerides and/or lipoproteins, range from 0.1 • 50 mg/kg body mass. A more preferred dosage range is 
from 0.2 - 25 mg/kg. A still more preferred dosage range is from 1.0-20 mg/kg, while the most preferred range is 
from 2.0-10 mg/kg. Of course, these daily dosages can be delivered or administered in small amounts periodically 
during the course of a day. 

15 Protein Homologies 

It is to be understood that a polypeptide having a given level of homology to a subject protein or 
polypeptide can be identified using readily available sequence alignment and comparison programs, such as falastp, 
fasta and/or CiustalW, and methods that will be familiar to those having ordinary skill in the art. One approach for 
identifying a protein that is homologous to a subject protein involves running a standard "blastp" (Altschui et al., 1 

20 MoL Biol. 2 1 5:403-41 0 (1 990) sequence comparison algorithm. In this approach, a relatively low score in the blastp 
algorithm can be used to isolate large numbers of potentially homologous sequences of different lengths. For 
example, a low score may be on the order of from between about 80 to about 100 and nfiay result in targets having 
homology levels of about 20%. 

if higher levels of homology are desired, additional steps can be taken. For example, once a first series of 

25 candidate homologous sequences has been identified, sequences that are more homologous to the subject protein can 
then be selected. At that stage, two parameters can be varied. Rrst, it is possible to "cut" the subject protein into 
sub-sequences of interest and then run homology searches that refine the results obtained in the iratial step. For 
example, the fragments that are listed as SEQ ID 7-14 or the consensus sequences within the two boxed regions 
shown in Figure 3 could be selected as sub-sequences of interest that could be used to run homology searches. 

30 Second, the score used in running the blastp algorithm can be increased. For example, by increasing the score up to a 
level of about 300, homology levels of about 80% frequently can be obtained. These procedures can be carried out 
using easily accessible computer programs such as, for example, "blastp" or "fasta". {Altschui et al., J. Mo/. Bid. 
21 5:403-41 0 (1 990); Pearson, W.R. Genomics 1 1 :635-650 {1 991 )). 

Those having ordinary skill in the art will appreciate that the above-referenced score that can be input Into 

35 the sequence comparison program can be calculated based on the degree of homology that is being sought. Formulas 
within the cited packages of computer algorithms allow for this possibility, in general, an increasing score allows for 
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the identification of increasingly specific protein alignments characterized by high levels of homology. Candidate 
alignments can be further refined using pairwise (fasta) or nxjltiple alignments (ClustalW) {Higgins et al.. Computer 
Applications in the Biosdences (CABIOSL 8:1 89*1 91 (1 992} and Thompson et al.. Nucleic Acids Research 22: 4673- 
4680(1994)). 

An illustration of the extent of protein homology appears in Table 1. The results appearing in the table 
show various homology levels between the ApMI and various whole proteins or fragments of those proteins. Thus, 
for example, the entire Acrp 30 protein sequence exhibited 81.8% homology with the ApMI protein, while the Acrp 
30 segment identified by SEQ ID N0:13 showed 91.5% homology with the ApMI protein. 

TABLE 1 



Protein/ 


Whole protein 


Seq ID Nos:7-14 


SEQ ID NO: 






Acrp 301 


81.8% 


91.5% 


SEQIDN0:13 






AdipoQf 


80.6% 


90% 


SEQIDN0:12 






Clqa/ 


32.9% 


27.1% 


SEQIDNO:? 






Clqb/ 


31,8% 


36.7% 


SEQIDN0:8 






Clqc/ 


38.8% 


38% 


SEQIDN0:9 






Multimerin/ 


27.7% 


28.8% 


SEQIDN0:14 






Cerebeilin/ 


24.6% 


28.3% 


SEQiDNQ:10 







In order to identify a protein having a given level of homology, such as at least 25% homology, at least 
50% homology, or at least 80% homology to another protein, such as AdipoQ, ApMI or Clq, one can use a standard 
blastp analysis in which the program is instructed to recover protons having a score conresponding to the desired 

IS level of homology. For example, to identify proteins having a homlogy level of 20-30% the program may be 
instructed to recover proteins having a score from between about 80 to about 100. To recover a protein having an 
80% homology level one can instruct the program to include proteins having a score of about 300. It will be 
appreciated that these scores may be computed over the full length of the subject protein or over a portion of the 
protein such as SEQ ID NOs 7-14. It will further be appreciated that homology levels other than those explicitely 

20 enumerated herein can be obtained using the instructions provided as part of the program. Thus, the foregoing 
description is adequate to allow one of ordinary skill in the art to identify polypeptides tiiat are homologous to a 
subject protein, such as the human ApMI protein, at various levels of homology. In some cases, the default 
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parameters may be used. 
TheMulti-subunitLSR 

The hepatocyte-specific LSR is a multi-subunit receptor having a dual activity. When activated by free 
fatty adds, the LSR allows endocytosis of lipoproteins and so Is a component in a metabolic pathway for the 
5 clearmice of lipoproteins. This pathway serves mainly, but not exclusively, to promote clearance of particles high in 
triglycerides of intestinal origin (Mann et aL, Biochemistry 34:10421 (1995)). This activity, expressed most 
particularly at the hepatic level is dependent on the presence of free fatty acids which bind to the receptor, induce a 
reversible chaige in the conformation of this complex and allow it to bind, with a high affinity, various classes of 
gpoproteins such as those contairang apoprotein B or apoprotein E. In its other role, and In the absence of free fatty 
10 acids, the LSR does not bind lipoproteins, but is capable of binding a cytokine, in particular leptin. The receptor- 
bound leptin is then internalized by the hepatocyte where it is degraded. 

As described above, the LSR subunits can bind gC1q-R, the receptor for CI q, one of the components of the 
complex CI of the conventional pathway for complement activation. Proteins analogous to gClq-R also can bind at 
the LSR site for binding of gC1q-R. Proteins analogous to gClq-R are understood to mean in particular the 
15 homologous proteins preferably exhibiting a level of amino acid sequence homology of at least 80%, the proteins 
exhibiting at least one of the motifs of a site for binding of the protein gClq-R on the LSR receptor and/or the 
proteins capable of interacting with the LSR receptor. 

Another feature of the LSR relates to the fate of bound lipoproteins or cytokines. More particularly, it is a 
characteristic of the LSR that bound lipoproteins or bound cytokines are incorporated into the cell and then degraded. 
20 The bound Apoproteins may particularly contain apoprotein B or E. 

As described in supplemental detail below, activity of the LSR complex can be modulated by a family of 
compounds that includes Clq or one of its analogous compounds, such as AdipoQ (Hu et al., IBioLChem. 
271:10697 (1996)), ApWll (Wlaeda et aL, Biociim. Biopftys. Res. Commun. 221:286 (1996)) and cerebellin. In 
particular, the compound Clq or one of its analogous compounds makes it possible, in the absence of free fatty acid, 
25 to enhance LSR activity and so to increase the quantity of lipoproteins bound, internalized and degraded by the cells 
that expresses the LSR receptor. 

The invention relates in part to polypeptides or other compounds that are able to modulate, either by 
mimicking, promoting, inhibiting or otherwise altering the interactiwi of the y subunit of the LSR complex with the a 
or a' and p subunits of the LSR receptor. 
30 The polypeptides of the invention are obtained by purification or isolation from natural sources or alter- 

natively obtained by genetic recombination, or chemical synthesis. In the case where the polypeptides are synthetic 
polypeptides, they can contain non-natural amino acids. 

A more complete definition of the invention can be made by first describing the structure of the LSR and 
the methods that were used to eluddate its pharmacological properties. 
35 Defining the Structure and Function of the LSR 

The LSR subunits were identified by procedures that employed receptor-specific polyclonal antibodies. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/07736 



-19- 



PCT/IB98/01256 



These antibodies were obtained by immunizing rabbits with a gel-purified 240 kDa species that bound a labeled LDL 
probe in a ligand blotting assay (Mann et aU Biochemistry 34:10421 (1995)) conducted in the presence of 0.8 mlW 
oleate. In the procedures described herein, oleate is employed as a model free fatty acid used for activating the 
lipoprotein binding activity of the LSR. Results of this ligand blotting assay further indicated that membrane proteins 
5 having estimated molecular weights of 115 kDa and 90 kDa also bound LDL. Notably, the rabbit antibodies 
recognized all three of the LDL-binding species in a Western blotting procedure, and inhibited the binding of LDLs to 
LSRs disposed on rat hepatocytes in a ligand binding assay. This indicated that the polyclonal antibodies raised 
against the 240 kDa LDL^binding species were useful as LSR*spedf ic reagents. 

Electrophoretic analysis of proteins that were imnftinoprecipitated using the anti-LSR antibodies and then 

1 0 separated under reducing conditions indicated that only a very small number of individual proteins were recograzed by 
the antibody reagent. More particularly, it was found that proteins of 68 kDa, 56 kDa and 35 kDa were present in 
the immunoprecipitate. This demonstrated that the LSR complex was a multimer composed of subunits having 
molecular weights of 68 kDa (a subunit}, 56 kDa (p subunit) and 35 kDa (y subunit). These molecular weights are 
estimates and were obtained from the rat. As detailed below, the y subunit is believed to correspond to a previously 

1 5 known protein. The structures of the a and {3 subunits were established by an expression cloreng procedure using 
the polyclonal anti-LSR antibodies as a probe. 

Indeed, a ^gtll rat liver cDNA library was screened with the LSR-specific antibodies to identify clones 
expressing proteins corresponding to the LSR subunits. Detailed analysis of one of the isolated phage clones using a 
PGR protocol bas^ on the identified cloned sequence led to the identification of three different mRNA species. 

20 Careful examination of the sequences of these mRNAs, together with subsequent PGR and cloning procedures, 
confirmed the three species represented alternative splicing variants of a single precursor transcript. The three 
complete cDNAs had lengths of 2097 bp, 2040 bp and 1893 bp. The molecular weights of the predicted proteins 
encoded by the open reading frames in the three cDNA sequences were 66 kDa, 64 kDa and 58 kDa, respectively. 

Northern blotting procedures using RNA isolated from different rat tissues indicated that the cloned 

25 polynucleotkle hybridized to transcripts expressed in rat liver as 1 .9 kb and 2.1 kb mRNAs, and further indicated that 
this expression was substantially restricted to liver. 

Five different techniques were used to demonstrate that the 2097 bp and the 1893 bp were essential 
components of the LSR receptor. First, polyclonal antibodies were raised against two synthetic peptides having 
sequences corresponding to residues 169*186 and to residues 556-570 respectively, encoded by the 2097 bp cDNA. 

30 These peptide sequences were common to all of the predicted proteins encoded by the three mRNA splice variants 
described above. It was shown that these anti-peptide antibodies, but not irrelevant control antibodies, inhibited the 
binding of LDLs to the LSR present on rat plasma membranes. Second, Western blotting and ligand blotting 
procedures showed that partially purified a and p subunits: (1) bound the rabbit polyclonal anti-LSR antibodies; (21 
bound the anti-peptide antibodies; and (3) bound LDLs after incubation with oleates. Third, in vitro translation and 

35 labeling to produce synthetic proteins corresponding to the polypeptides encoded by the 2097 bp and the 1893 bp 
cDNAs led to products that bound LDL in an uitracentrifugation assay in which LDL binding produced a complex 
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having a density that was lower than the density of the protein alone. This binding was enhanced in the presence of 
oleate by two fold for the a subunit, or fay five fold for the p subunit. Fourth, Chinese hamster ovary cells (CHO) 
transiently transfected with a plasmid containing the LSR a subunit were found to display an increased binding of 
LDL after incubations in the presence of oleate while LDL binding measured in the absence of oleate remained 
5 uTOhanged. Cotransfection of plasmids containing the p LSR subunit together with the a LSR subunit further 
increased the binding of LDL observed after incubations with oleate. Most importantly, an increase in LDL 
degradation was observed after incubation with oleate only in dishes containing cells cotransf ected with the LSR a 
and p subunits. Therefore, cotransfection of both LSR a and p suburats is a condition sufficient to increase LSR 
activity in CHO cells. The affinity of the various classes of lipoproteins for the LSR in cells cotransfected with the a 
10 and p subunit was very similar to that originally described for the LSR expressed in rat hepatocytes or in human 
fibroblasts isolated from subjects with familial hypercholesterolemia (Bihain et al.. Biochemistry 31:4628 (1992); 
Yen et aL, Bioctiemistry 33:1 172 (1994)). 

A fifth line of evidence demonstrating that the identified gene was responsible for LSR function and that 
this receptor participates in the clearance of dietary triglycerides was obtained using genetically obese mice. Both 
15 ob/ob mice (having a deficient leptin gene) and db/db nuce (having a defect in the gene encoding the leptin receptor) 
were found to exhibit an increased postprandial lipemic response after forced feeding of the standard test meal 
described above. The apparent number of LSR available on the plasma membrane of hepatocytes of these obese 
mice was lower than that of the lean controls. Further, analysis by Northern blotting revealed that the level of LSR 
mRNA was reduced significantly in obese mice. Treatment of the obesity of ob/ob mice by daily administration of 
20 recombinant leptin over a thirty day period led to more than a 30% reduction of the animal body weight; to a massive 
decrease in the postprandial lipemic response; to a significant increase in the apparent number of LSR expressed at 
the surface of liver cells and to an increased number of LSR mRNA. 

On the basis of these data it was therefore established that the identified LSR gene was responsible for 
the function of this receptor; that the LSR represents a rate limiting step for the clearance of dietary triglycerides 
25 and that the expression of this gene is disregulated in obese mice. Moreover, the LSR 56 and 68 kDa subunits 
substantially bound LDLs only after incubation with oleate. Stoichiometric analysis of immunoprecipitation products 
indicated that the 240 kOa LDL-binding complex that was observed in the ligand blotting assay most likely 
represented a multimeric complex formed by a single a and three p subunits. It is believed that the above-described 
2040 bp cDNA which represents the third alternative RNA splicing product encodes a subunit that can substitute for 
30 a in the multimeric complex. This latter protein is referred to as a' (alpha prime). 

While the a and p subunits of LSR were encoded by alternatively spliced mRNAs generated from a single 
precursor molecule, the expression cloning procedure described above did not provide insight into the identity of the 
35 kDa subunit that was detected along with the 68 kDa and 56 kDa proteins in the anti-LSR immunoprecipitate. 
Indeed, the y subunit of the LSR was identified by direct sequencing of the purified protein. 
35 More particularly, l\l-terminal sequencing of immunoaffinity purified material was used to establish the 

likely identity of the final component of the LSR complex. In this procedure column-immobilized polyclonal rabbit anti- 
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LSR antibodies were used to capture membrane proteins from rat liver. After verifying the presence of the 35 kDa 
species in the column eluate, a sample containing the 35 kDa protein was sequenced using a standard Edman 
degradation protocol Results from this procedure gave a 19 amino acid long polypeptide sequence that was used to 
search a protein data base. This search revealed that the y subunit of the LSR receptor included a polypeptide 
5 sequence that identically appeared in gC1q-R (Ghebrehiwet et aL, J. Exp, Med. 179:1809 (1994)), a known cell 
surface receptor tiiat binds the globular heads of C1q. Since the entire sequence of the immunoaffinity purified 35 
kDa protein was not established, we allow the possibility that the y subunit of the LSR complex is related, but not 
identical to the gClq-R protein. 

Analysis of ^e protein sequences of the a and p subunits of the LSR revealed several interesting 

10 structural features. For example, the presence of several phosphorylation sites at the N-terminal end of the a 
subunit protein suggested that the amino terminus of this protein was oriented toward the inside of the cell, and 
further suggested a possible role in signal transduction. The N-terminai portion of the a subunit protein also 
possessed a hydrophobic amino acid sequence that was separated by two contiguous proline residues, an 
arrangement likely to induce a hairpin structure. This arrangement of two hydrophobic arms likely constitutes a 

15 putative fatty acid binding domain of the LSR. The a subunh also possessed a hydrophobic amino acid sequence 
consistent with a potential transmembrane domain (Brendei et al., Proc. NatL Acad. Sd USA 89:2002 (1992)). The 
(3 subunit protein does not possess a transmembrane domain and is probably positioned outside of the cell where it is 
bound through disulfide bridges to other components of the LSR complex. 

Compositions and Methods for Modulating LSR Activity 

20 An additional structural feature of the a and p subunit proteins related to the presence of r^eated 

segments that were rich in serine and arginine residues. This was significant because the iamin receptor and 
"splicing factor T also have in common a repeated sequence of serine and arginine residues (RSRS), and these 
proteins also are known to combine with the gClqR protein (Honore et al., Gene 134:283 (1993)). In view of this 
coincidence of related structural motifs and interactions with gC1q-R, we speculated that the serine and arginine rich 

25 segments of the LSR a and f3 subunits were somehow miportant for contact with gC1q*R, or the gC1q'R4ike protein 
that was the y subunit of the LSR complex. 

As described in the following Exanq}le, polyclonal antibodies directed against synthetic peptides derived 
from the gC1q-R primary amino acid sequence were used to demonstrate that this proteia or a protein closely 
related to gC1q-R, was a component of the LSR complex. In the procedure described below, the anti-peptide 

30 antibodies inhibited the binding of labeled LDL to the LSR expressed on the surface of rat hepatocytes. Use of the 
LDL model substrate in these procedures provided a convenient and highly sensitive means for monitoring aspects of 
lipoprotein metabolism in liver cells. 

Example 1 describes the procedures used to demonstrate that gC1q-R, or a closely related homologue of 
this protein, was a constituent of the LSR complex. 
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Example 1 

The aCla-R or a aClQ-R-like Protein is a Component of 
the Muiti-subunit LSR 

Rabbit polyclonal antibodies directed against two synthetic peptides having sequences located witMn the 
5 carboxy- and amino'terminal ends of the gClq-R protein were prepared according to standard laboratory procedures. 
The synthetic peptide representing the N-terminal region of the protein had the sequence, LRCVPRVLGSSVAGY* 
(SEQ ID N0:3) and corresponded to residues 5-19 of the gClq<R polypeptide sequence. The C-terminai synthetic 
peptide had the sequence, C*YITFLEDLKSFVKSQ (SEQ ID N0:4) and corresponded to residues 268-282 of gClq-R, 
Amino acid positions marked with indicate residues that differed from the wild type protein sequence in order to 

1 0 enhance peptide antigenicity. Peptides were coupled to a keyhole limpet hemocyacin (KLH) carrier prior to injection 
into rabbits. These procedures resulted in two serum samples, each with a binding specificity for a different region 
of the gC1q-R protein, immunoglobulin G (IgG) from these sm were further purified using a Protein A column 
{Pharmacia) according to the manufacturer's instructions. 

Increasing amounts of the these anti-peptide antibodies or an irrelevant IgG antibody were combined with 

15 ^^^I-LDL in a standard assay for measuring oleate-induced binding of LDL to plasma membranes of rat hepatocytes 
(Bihain et al., Biochemistry 31 :4628 (1992); Mann et al., 1 Biol, Cliem. 272:31 348 (19971). The binding induced by 
oleate was determined as the difference between incubations with and without 0.5 mM oleate. Numerical 
measurements in this experiment were analyzed as the percent of total ^^^l-LDL bound to membranes in the absence 
of added antibodies. 

20 The results presented in Figure 1 indicated that antibodies directed to either of two regions of the gClq-R 

protein inhibited LSR activity as measured by LDL binding. The negative control IgG did not inhibit LSR activity in 
tMs assay. This proved that inhibitory effects observed in our procedures were the results of specific antibody- 
receptor interactions. These results confirmed that gClq-R, or a protein clo^ly related to gClq-R, was a component 
of the LSR comply. 

25 The foregoing results seemingly suggested that agents which bound the gClq-R, or the y subunit of the 

LSR complex, had a negative or inhibitory effect on LSR activity. Thus, we had identified agents that were able to 
modulate LSR activity in a negative way. 

In view of these findings, it was of interest to further evaluate the effects of compounds that bound to 
gClq-R, or that might alter interactions between the y subunit and the LSR. Since it was known that the Clq 

30 complement protein was a binding substrate for gClq-R, we investigated whether Clq would modulate LSR activity 
in the same way that anti-peptide antibodies inhibited LSR activity in the preceding Example. Motably, the 
experiment described in the following Example was conducted both in the presence and absence of oleate, a free 
fatty acid that unmasks the lipoprotein binding site on the LSR. 

Example 2 describes the procedures used to demonstrate that LSR activity could be modulated in a positive 

35 manner. Unexpectedly, enhancement of LSR activity took place both in the presence and absence of free fatty adds. 
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Example 2 

Regulation of LSR Activity bv Clo and its Homoloaues 
Primary cultures of rat hepatocytes were incubated with 20 ng of leptin/well using 6-well plates for 30 
minutes at 37°C in order to stimulate mobilization of LSR proteins to the cell surface and to increase the number of 
5 LSR receptors expressed. Increasing concentrations of Clq (Sigma) and 20 jig/ml of ^^^I LDL were then added to 
parallel cell cultures in the presence or absence of 0.5 mM oleate. The mixtures were then incubated 4 hours at 
37^C and the binding, internalization and degradation of the labeled LDL analyzed using standard techniques (Bihain 
et aL. Biochemistry Z\M1Z (1992); Mann et al.,^ BioL Chem. 272:31348 (1997)). 

The results presented in Figures 2A-C unexpectedly indicated that Clq enhanced LSR activity both in the 
10 presence and absence of free fatty acids. Indeed, it was surprizing that lipoprotein binding, internalization and 
degradation occurred in the absence of added oleate because these aspects of LSR activity were previously thought 
to require the presence of free fatty acids. Small but meaningful increases in all three of the measured parameters 
also were observed in the presence of oleate. The significance of these latter increases was less substantial because 
the background values measured in the absence of added Clq were higher in the presence of oleate compared to the 
1 5 values measured in the absence of this free fatty acid. 

The results described in the preceeding Example showed that incubation of rat hepatocytes with Clq, a 
protein capable of binding gClq-R and hence potentially capable of displacing it from the LSR complex, led to 
spontaneous activation of the LSR in the absence of free fatty acids. While not wishing to be bound by any 
particular theory which underlies the mechanism of this receptor modulation, we offer the following as a possible 
20 explanation for the phenomenon. It is possible that the gC 1 q-R protein, or more generally the y subunit, functions as 
a chaperon protein for the LSR. It is further possible that the y subunit somdiow exerts an inhibitory effect on the 
LSR. Conceivably then, agents which perturb or alter the binding of the y subunit to the LSR can be used to 
modulate LSR activity which can be measured in vitro as the binding, internalization and degradation of LDLs. 

The exemplary case presented above suggested that Clq served as the agent that perturbed binding of the 
25 Y subunit in the LSR complex. However, we contemplate that any agent homologous or analogous to Clq that is 
able to bind gCI q-R or a gC 1 q-R>like protein also will have the effect of modulating LSR receptor activity. 

The above-described effect of Clq on the activity of LSR led us to investigate whether similar effects on 
LSR would be promoted by proteins sharing structural homology with Clq. Alignments for some of these 
homologuBS are presented in Figure 3, with the boxed regions representing conserved regions of structural homology. 
30 The murine proteins AdipoQ (Hu et al., J. BioL Chem. 271:10697 (19961) and Acrp3G (Scherer et ah, J, BioL Ciiem. 
270^6746 (1995)), and the human ApM! protein (Maeda et aL, Biochem, Biopfiys. Res, Commun. 221:286 (1996)) 
clearly exhibit marked homologies. These three proteins, like the components of complement Clq (Clq A, B and C), 
are secreted proteins having N-terminal ends which resemble collagen (repetition of Gly-X-Y motifs), and C-terminal 
ends corresponding to the globular domain of complement Clq. Significantly, these three proteins are preferentially 
35 expressed in adipose tissue. Other protein homologues exhibit globular domains resembling the Clq domain. More 
specifically, cerebellin and multimerin (isolated in nan), are two proteins that do not have a domain which resembles 
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collagen. 

Interestingly, conserved cysteine residues at positions 172, 179, 178 and 190, 196, 192 respectively in 
Clq A, Clq B and Clq C are not conserved in the other Clq homoiogues shown in the alignment. These cysteine 
residues are replaced in ApWll, AdipoQ and Acrp 30, by a lysine residue and an aspartate residue. Those having an 

5 ordinary level of skill in the art will appreciate that lysine and aspartate amino acids can, under appropriate 
conditions, form intrachain salt bridges which may contribute to protein structure. The amino acids at corresponding 
positions in cerebellin and multimerin would not allow for the formation of salt bridges. It is therefore possible to 
characterize the Clq domain of the proteins produced by the adipocytes by the absence of cysteines in the region 
conresponding to amino acids 1 70-200 of the molecules of Clq and by the consensus in the Clq domain. 

1 0 When considering the structural relationship of the homoiogues presented in Figure 3 it is worth noting that 

the protein ApMl, which is encoded by an mRNA characterized as being strongly expressed in adipocytes, exhibits 
79.7% nucleic acid identity and 80.6% amino acid identity with AdipoQ. Given this level of sequence relatedness, 
the ApMl protein is almost certainly the human homologue of murine AdipoQ. Thus, it is a reasonable expectation 
that the activities of murine AdipoQ which are disclosed below also will characterize ApMl in a human system. 

15 Given that Clq has a broad spectrum of biological effects, including initiation of the complement cascade, 

it seemed unlikely that the highly specialized activation of the LSR represented a physiologically significant function 
of this protein. Accordingly, we investigated whether Clq homoiogues could modulate LSR activity. As indicated in 
the Examples which follow, we have now demonstrated that AdipoQ, an abundant plasma protein having a 
heretofore unknown function, also enhances LSR activity. 

20 AdipoQ is a Clq homologue that is known to be secreted by adipocytes with kinetics closely resembling to 

the kinetics of Adipsin secretion. Adipsin is a hormone of the complement system and has been shown to correspond 
to the purified fragment of the third component of complement, C3a-desArg (Baldo et al., J. Clin. Invest 92:1543 
(1993)). Adipsin stimulates adipocyte triglyceride synthesis and regulates post-prandial lipemia (Sniderman et al., 
Proc. Nutr. Soe. 56:703 (1997)). Moreover, secretion of both AdipoQ and Adipsin is stimulated in response to 

25 insulin. 

As supported by the experimental results presented below, we have proved that AdipoQ can stimulate LSR 
activity in vitro, and can decrease animal body weight. Since Clq and AdipoQ share structural homology without 
also sharing extensive functional sin^iarities, our demonstration that AdipoQ activates LSR activity establishes the 
general utility of Clq homoiogues as compounds useful for modifying the activity of the LSR. 
30 Example 3 describes the methods used to prepare an expression vector encoding murine AdipoQ. 
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Example 3 

Construction of an Expression Vector Encodino Murine AdipoQ 
Standard laboratory procedures were used to isolate RNA from adipose tissue that had been obtained from 
C57BL/6J mice. PoIy(A)* mRNA was captured using oligo-dT coated magnetic beads according to the 
5 manufacturer's instructions (Dynal, France). The mRNA was reverse transcribed into cDNA using SUPERSCRIPT 
reverse transcriptase and reagents that were purchased as a kit (Life Technologies, France). cDNA encoding AdipoQ 
was amplified in a standard PCR protocol using oligonucleotide primers having the sequences: 
CTACATGGATCCAGTCATGCCGAAGAT (SEQ ID N0:5), and 

CGACAACTCGAGTCAGTTGGTATCATGG (SEQ ID N0:6). This procedure selectively amplified polynucleotide 

10 sequences downstream of the putative signal sequence located at the 5' end of the AdipoQ coding region. The 
amfriified cDNA was digested with BamHl and Xhol restriction endonucleases and the digestion products ligated into 
the corresponding sites of the pTRC His B expression vector (Invitrogen, France). This vector has been engineered to 
permit expression of heterologous sequences downstream of a polypeptide domain which includes a hexahistidine 
peptide motii an enterokinase cleavage site and an epitope that is recognized by an Anti-Xpress'*'^ antibody. 

15 Following transformation of competent DH5-a £ coli, bacterial clones haitoring the polynucleotide encoding AdipoQ 
were selected by growth in the presence of ampictllin. Piasmid DNA was isolated from one of the bacterial clones 
and the sequence of the heterologous DNA insert detemiined. The sequence of the insert was found to correspond 
to bases 57 > 762 of AdipoQ (GeneBank accession No. U49915). The cloned polynudeotide sequence also 
con^esponded to bases 86791 of the sequence encoding Acrp30 (GeneBank accession No. U37222), except for 

20 nucleotide position 382. The polynucleotide sequence encoding Acrp 30 has an adenosine residue at this position 
while the AdipoQ polynucleotide has a guanine residue at the corresponding position. This nucleotide substitution 
leads to an amino acid change from a methionine in Acrp30 to a valine in AdipoQ. 

With the avaibility of the above-described expression vector it became possible to produce recombinant 
AdipoQ protein that could be used to conduct experiments in vitro and in vivo, 

25 Example 4 describes the procedures that were used to prepare a recombinant form of the AdipoQ protein. 

Example 4 

Production and Purification of Recombinant AdinoO Protein 
Bacteria containing the AdipoQ expression vector were cultured at 37°C in LB medium under antibiotic 
selection until the ODeoo reached 0,2. Production of recombinant protein was then induced by adding Isopropyl-p-D 

30 thiogalactopyranoside to a final concentration of 1 mWl. Bacterial growth proceeded for an additional 16 hours at 
37''C, after which time the cultured bacteria were harvested by centrifugation. Bacteria were lysed according to 
standard laboratory procedures using lysozyme in a buffer that included Tris HCl (pH 7.4), NaCl PMSF and sodium 
deoxycholate. DNA in the cmde lysate was degraded by sonication. After centrifugation to remove cellular debris, 
the recombinant protein was isolated from the cleared supernatant using a PROBOND column (Invitrogen, France). 

35 The nickel-charged resin of the column has affinity for the above-described hexahistidine peptide motif of the 
recombinant fusion protein. Elution was achieved in the presence of imidazole. Following dialysis of the eiuate, 
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protein concentration was measured by the standard Lowry method. Purity of the recombinant protein was verified 
by SDS polyacrylamide gel electrophoresis. A single band of apparent molecular mass of about 33 kDa was observed 
on the protein gel. Notably, at this point the recombinant protein retained the hexahistidine protein domain. 

We next employed an in vitro assay to investigate whether the recombinant AdipoQ, like Clq, stimulated 
5 LSR activity. Use of the in vitro assay allowed us to particularly study different aspects of LSR-mediated activity, 
including binding, internalization and degradation of a model lipoprotein substrate. 

Example 5 describes the methods that were used to prove that AdipoQ stimulated LSR activity in vitro. 

Example 5 

Recombinant AdipoQ Stimulates LSR Activity in 
10 Cultured Hepatocvtes 

Primary cultures of rat hepatocytes were prepared and plated in 6-well plates at 900,000 cells/well. After 
48 hours the cells were washed once with 2 ml/well of phosphate buffered saline (PBS) and then incubated for 30 
n^nutes at 37°C with 20 ng/ml of recombinant murine leptin. Thereafter the cells were further incubated 4 hours at 
dT'Z with 25 jig/ml of recombinant AdipoQ and 20 p,g/ml of ^^^l-LDL in the presence or absence of 0.6 mM oleate. 
IS Binding, internalization and degradation of the labeled LDL all were determined according to the above-referenced 
standard methods. 

The results presented in Figures 4A-C show that AdipoQ significantly increased the amount of LDL that 
was bound, internalized and degraded by hepatocytes. Indeed, the results particularly indicated that degradation of 
LDL was dramatically enhanced by AdipoQ treatment of the hepatocytes. It is worth noting that in this setting the 
20 increase of LSR activity due to AdipoQ was measured in the presence of leptin. These results confirmed that AdipoQ 
was capable of increasing LSR activity in primary culture of rat hepatocytes. 

Given the finding that AdipoQ dramatically enhanced LSR activity in vitro, it was of interest to determine 
whether the same pattern of activity would be repeated in vivo. This possibility was tested by feeding rats a high- 
fat meal, adnvnistering the rats with recombinant AdipoQ, measuring plasma triglycerides and comparing the results 
25 with measurements taken in rats that did not receive AdipoQ. As described below, our findings indicated that 
administration with AdipoQ dramatically reduced the level of plasma triglycerides following the high-fat test meal. 

Example 6 describes the procedures that were used to demonstrate that plasma triglyceride levels 
following a high-fat meal were reduced in animals that had been injected with AdipoQ. 

Example 6 

30 AdipoQ Reduces Postprandial Blood Lipid Levels in vivo 

Overnight-fasted male Sprague-Dawley rats (400-450 g) were gavaged with a high-fat test meal (timer 0) 
and immediately administered by intravenous injection into the femoral vein with either 300 ^1 of PBS alone or 
containing 1 mg of recombinant murine AdipoQ. The test meal consisted of 60% fat (37% saturated, 27% mono-, 
and 36% polyunsaturated fatty acids), 20% protein and 20% carbohydrate, and provided 56 kcal of energy/kg of 

35 body weight. A second injection of AdipoQ was administered 2 hours after the test meal. Blood samples were taken 
at two hour intervals and plasma triglyceride levels were determined by a standard enzymatic assay using reagents 
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that had been purchased as a kit {Boehringer Mannheim). 

The results presented in Figure 5 show that AdipoQ substantially decreased the magnitude of the 
postprandial triglyceride response. Quantitative values presented in the Figure represent the mean ± standard 
deviation (n 3). Whereas the level of circulating triglycerides remained substantially constant in the animals 
S administered with AdipoQ, the level increased in control animals until reaching a peak at about 4 hours. These in vivo 
results were consistent with the marked AdipoQ-dependent enhancement of LSR activity that we had observed in 
vitro. 

Example 7 describes the procedures used to demonstrate that AdipoQ administration promoted weight loss 
and reduction of plasma triglyceride levels in normal animals. This was true even when the animals were placed on a 
1 0 high-fat diet. Notably, in this case the AdipoQ was administered by a slow infusion protocol instead of by injection. 

Example 7 

Administration of AdinoQ bv Infusion Stimulates Weight Loss 
and Reduction in Plasma Triglycerides 
Osmotic pumps (Alzet) were surgically inserted into the abdominal cavities of 12 nrale 400450 g Sprague- 
1 5 Dawley rats. The pumps contained either 2 ml of PBS (pH 7.4) (control, n = 6) or 2 ml mouse recombinant AdipoQ (5 
mg/ml PBS, n - 6). The pumps used in this procedure were designed to deliver 10 jil/hour (50 |xQ AdipoQJhour). 
Animals were weighed and then housed individually in metabolic cages. Three animals in each group were put either 
on regular chow diet or a high-fat diet ad libitum (day 0). The high-fat diet consisted of regular chow supplemented 
with 2% (w/v) cholesterol, 10% (w/v) saturated fat in the form of vegetaline, 10% (w|v) sunflower oil and 15% (w/v) 
20 sucrose. On day 3« the animals were weighed and blood samples were obtained from the tail vein. Plasma 
triglycerides were measured using an enzymatic kit. 

The results presented in Figures 6A-B show that AdipoQ caused a significant reduction in plasma 
triglycende levels in test animals fed either a regular or a high fat diet. Moreover, AdipoQ administration caused a 
reduction in body weight that was more pronounced in animals fed the high fat diet. 
25 Example 8 describes tiie procedures that defined yet another effect of AdipoQ in vivo. More specifically, 

the results presented below demonstrate that test animals administered with AdipoQ unexpectedly reduced their 
food intake. 

Example 8 

AdipoQ Administration Promotes Reduction of Food Intake 
30 in Genetically Obese Mice 

Both ob/ob and db/db mice housed in metabolic cages were injected daily for 5 days into the tail veins with 
either PBS alone or recombinant murine AdipoQ (100 fig) dispersed in a PBS carrier. The amount of food consumed 
daily by each animal was monitored for the period of the experiment. 

The results presented in Figures 7A-B show that the average daily food intake of obese mice was 
35 significantly reduced after AdipoQ administration. The graphic data reflect the average food intake and standard 
deviation for 4 mice in each group, except for the db/db control group (n 3) in which one animal died before the end 
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of thfi experiment. Significantly, the AdipoQ-dependent reduction in food intake was observed for the ob/ob and 
db/db groups of mice. This established that AdipoQ was useful for controlling food intake in the absence of leptin 
Wob mice), and that AdipoO was able to overcome the leptin resistance that is characteristic of dbfdb mice. 

Example 9 describes a method that may be used to reduce plasma triglycerides and body mass in humans. 
5 While this exemplary case describes a treatment of obese humans, it is to be understood that non-obese humans may 
also be administered with the medicament described below. For purposes of procedures described in the following 
two Examples, a population of individuals with body mass index > 35 is recruited and tested for diabetes (fasting 
plasma glucose levels > 120 mg/di) and hypertriglyceridemia or "HTG" (fasting triglyceride levds > 150 mg/dl}. 
Four groups of obese subjects are then constituted. These groups include: (1) subjects with obesity and no diabetes 
1 0 or HTG; (2) subjects with diabetes tajt no HTG; (3) subjects with HTG but no diabetes; and (4) subjects with diabetes 
and HTG. 

Example 9 

Administration of a Medicament that Includes AdipoO 
A population of obese human individuals is first identified and then separated into two random groups. The 
15 control group receives a daily intravenous injection of a placebo for a period of from one week, two weeks, one 
month or more than a month. The placebo comprises a 1.0 ml volume of sterile PBS. Individuals in the treatment 
group receive an intravenous injection twice daily of a medicament that comprises 1.0 ml of sterile PBS containing 
recombinant AdipoQ at a dosage level corresponding to 2.5 mg AdipoQ/kg body mass. The recombinant AdipoQ is 
produced according to good manufacturing procedures (GMP) in a procaryotic expression system essentially 
20 according to the procedures described under Examples 3 and 4. Individuals in both groups consume high-fat meals, 
and serum triglyceride levels and body mass are monitored regularly for the duration of the procedure. 

At the end of the treatment period it is clear that individuals administered with the medicament that 
included AdipoQ exhibit substantially reduced plasma triglyceride levels relative to the control group. Moreover, there 
is evidence that these individuals have experienced measurable wdght reduction. 
25 Example 10 describes how ApMI can be used to stimulate reduction in plasma triglyceride levels and body 

mass. 
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Example 10 

AqMI Administration Reduces Plasma TriQlvcerides and Body Mass 
A population of obese human individuals is first identified and then separated into two random groups. The 
control grwp rectives a daily intravenous injection of a placebo for a period of from one week, two weeks, one 
5 month or more than a month. The placebo comprises a 1.0 ml volume of sterile PBS. Individuals in the treatment 
group receive an intravenous injection twice daily of a medicament that comprises 1.0 ml of sterile PBS containing 
human ApMI at a dosage level corresponding to 2.5 mg ApMI/kg body mass. The human ApM1 is a recombinant 
material produced according to GMP standards. For this purpose a procaryotic expression system is used essentially 
according to the procedures described under Examples 3 and 4, except that human ApMl cDNA is substituted for the 

10 murine AdipoQ cDNA descrBied in the Examples. Individuals in both groups consume high-fat meals. Serum 
triglyceride levels and body mass are monitored for both groups of individuals. 

At the end of the treatment period individuals in the group administered with the medicament that included 
ApMI exhibit substantially reduced plasma triglyceride levels relative to the control group. Moreover, these 
individuals have experienced measurable weight reduction. 

15 Another aspect of the present invention relates to the preparation of a medicament for influencing the 

partitioning of dietary lipids between the adipose tissues and the liver in an individual. For example, the medicaments 
may increase or decrease the level of lipolysis which occurs in the liver. In particular, the medicaments may increase 
or decrease the level of lipolysis which occurs in the liver by increasing or decreasing the activity of LSR. 

Such medicaments can be used in procedures for reducing the amount of dietary lipids stored in the adipose 

20 tissue or in procedures for increasing the amount of dietary lipids stored in the adipose tissue depending on the 
nature of the condition which is to be treated. In particular, such medicaments increase or decrease the activities of 
compounds (inciudir^ AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, compounds 
having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, 
compounds comprising an amino acid sequence having at least 25% homology to a sequence selected from the group 

25 consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% homology to a 
sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an amino acid 
sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14) 
which increase the amount of dietary lipids partitioned to the liver. 

Medicaments which increase the activity of these compounds in an individual may be used to reduce food 

30 intake in obese individuals, to reduce the levels of free fatty acids in obese individuals, to decrease the body weight 
of obese individuals, or to treat a variety of obesity related conditions. Such obesity related conditions include 
atherosclerosis (which may result from elevated levels of free fatty acids and chylomicron remnants in the plasma), 
obesity-related insulin resistance resulting from fatty acids in the plasma or fatty acids produced by extracellular 
lipolysis ( Walker, M., Metabolism 44: 18-20 (1995); Lonnroth, P., Intern. Med. Suppl. 735: 23-29 (1991); Hannes, 

35 M.M. et al.. Int. J. Obes. 14: 831-841 (1990), obesity-related hypertension resulting from fatty acids in the plasma 
or fatty acids produced by extracellular lipolysis (Goodfriend and Egan, J, Med. 344:1649-1654 (1996), 



SUBSTITUTE SHEET {RULE 26} 



wo 99/07736 



-30. 



PCT/IB98/01256 



microangiopathic lesions resulting from obesity-related Type II diabetes, and ocular and renal lesions caused by 
microangiopathy in obese subjects with Type 11 diabetes. 

Medicaments which decrease the activity of compounds which increase the partitioning of dietary lipids to 
the liver {including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, compounds having 
S at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds 
comprising an amino acid sequence having at least 25% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an amino acid sequence having 
at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14} may be used to treat 

1 0 conditions such as cachexia in subjects with neoplastic or para-neoplastic syndrome or eating disorders. 

A variety of t^hniques may be used to increase the activity of compounds which increase the partitioning 
of dietary Rpids to the liver. In particular, the activity of these compounds may be increased by directly administering 
Ihese compounds (including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, or 
compounds having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID 

15 NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence selected from 
the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an 
amino acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14 or a fragment of the preceding compounds) to the individual in any of the pharmaceutically acceptable 

20 formulations described above. Routes of administration of these compounds, as well as appropriate doses of these 
ag^ts, have also been provided above. 

Alternatively, the activity of compounds which increase the partitioning of dietary lipids to the liver may be 
increased by increasing the expression of the genes encoding these compounds using gene therapy. In such 
procedures, a nucleic acid encoding a compound, or a portion of a compound, which increases the partitioning of 

25 dietary lipids to the liver (including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, 
derivatives of any of the preceding compounds, compounds having at least one consensus sequence selected from 
the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at 
least 25% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising 
an amino acid sequence having at least 50% homology to a sequence selected from the group consisting of SEQ ID 

30 NOs. 7-14, and compounds comprising an amino acid sequence having at least 80% homology to a sequence selected 
from the group consisting of SEQ ID NOs. 7-14 or a fragment of the preceding compounds] is transiently or stably 
introduced into the individual to be treated. 

The nucleic acid encoding a compound, or a portion of a compound, which increases the partitioning of 
dietary lipids to the liver (including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, or 

35 compounds having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID 
NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence selected from 
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the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NQs. 7-14, and compounds comprising an 
amino acid sequence having at least 80% liomology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14 or a fragnmnt of the [»receding compounds) is operably linked to a promoter capable of directing its expression. 
5 The promoter may be any of the promoters familiar to those of skill in the art including the Rous Sarcoma Virus 
promoter, the SV40 promoter, and the human cytomegalovirus promoter. In some embodiments, the prontoter may 
be a liver-specific pr(mioter. In further endiodiments, the promoter may be the promoter from the LSR gene. 

Additional vectors and promoters suitable for use in gene therapy include the parvovirus vectors disclosed 
in U.S. Patent No. 5,252,479, the adenovirus vectors disclosed in U.S. Patent No. 5,585,362, and the Harvey murine 

1 0 sarcoma virus vectors disclosed in U.S. Patent No. 5,1 66,059. Other gene th^apy vectors familiar to those of skill 
in the art may also be used, including moloney murine leukemia virus vectors, pLJ, pZIP, pWe and pEM. 

Alternatively, the nucleic acid encoding a compound, or a portion of a compound, which increases the 
partitioning of dietary lipids to the liver (including AdipoQ, ApMI, Ctq, any of the above-described compounds 
analogous to CI q« or compounds having at least one consensus sequence selected from the group consisting of SEQ 

15 ID N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a 
sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence 
having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and 
compounds comprising an amino acid sequence having at least 80% homology to a sequence selected from the group 
consisting of SEQ ID NOs. 7-14 or a fragment of the preceding compounds) may be linked to a promoter capable of 

20 directing its expression and introduced into the individual as naked DNA using procedures such as those described in 
U.S. Patent No. 5,558,059. 

In further approaches, a nucleic acid encoding AdipoQ, ApMI, Clq, any of the above-described compounds 
analogous to Clq, a compounds having at least one consensus sequence selected from the group consisting of SEQ 
ID N0:1 and SEQ ID NO: 2, a compound comprising an amino acid sequence having at least 25% homology to a 

25 sequence selected from the group consisting of SEQ ID NOs. 7-14, a compound comprising an amino acid sequence 
having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, a compound 
comprising an amino acid sequence having at least 80% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14 or a fragment of any of the preceding compounds may be introduced into cells, such as 
fibroblast cells, using the gene therapy or naked DNA techniques described above. The cells, such as fibroblast cells, 

30 may be enclosed in a lattice of collagen and synthetic fibers coated with basic fibroblast growth factor so as to f omi 
an organoid. The organoid may then be transplanted into a host animal. Techniques for producing organoids are 
disclosed in Bohl et al., Gene Ther. 2:197-202 (1995} and Descamps et al.. Gene Ther. 2: 41 1417 (1995). 

In another approach, the genes (or portions thereof) which encode compounds which increase the 
partitioning of dietary lipids to the liver (including AdipoQ, ApWII, Clq, any of the above-described compounds 

35 analogous to C1q, compounds having at least one consensus sequence selected from the group consisting of SEQ ID 
N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence 
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selected from the group consisting of SEfl ID NOs. 7-14, compounds comprising an amino acid sequence having at 
least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds 
comprising an amino acid sequence having at least 80% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14) may be mutagenized to create derivative proteins or peptides which have a greater ability to 

5 increase the partitioning of dietary lipids to the liver than the wild type proteins. A variety of mutagenesis 
proi^dures are known to those of skill in the art, including site directed mutagenesis and random chemical 
mutagenesis. For example, any of the mutagenesis procedures disclosed in Ausebei at al.. Current Protocols in 
Molecular Biology, John Wiley & Sons (1998) may be used. 

The proteins or peptides encoded by the mutagenized genes are inserted into expression vectors, isolated 

1 0 using techniques familiar to those skilled in the art, and tested to determiTO whether they have greater activity than 
the wild type proteins using the procedures described below. 

Alternatively, rather than preparing derivatives using the mutagenesis procedures described above, 
combinatorial chemistry techniques which permit the generation of a large number of derivative peptides//? vitro may 
be used. 

15 Derivative proteins or peptides having increased activity relative to the wild type may be identified by 

comparing their activity to the activity of the wild type proteins or peptides in the rat hepatocyte assay of Example 
5. Those derivative proteins or peptides which have Increased activity relative to the wild type proteins may thwi be 
further analyzed in the postprandial lipemic response assay of Example 6, the plasma triglyceride assay of Example 7, 
the food intake assay of Example 8 or the weight loss assay of Example 7. 

20 Those derivative proteins or peptides having increased activity relative to the wild type proteins may be 

used in medicaments to increase the partitioning of dietary lipids to the liver. In such medicaments, the derivative 
protein or peptide may be administered to the individual in a pharmaceutically acc^table carrier such as those 
described above. The derivative protein or peptide may be administered through any of the routes and at any of the 
dosages described above. 

25 In addition, as discussed above, small molecules, drugs, or other compounds which increase the activity of 

a compound which increases the partitioning of dietary lipids to the liver may be obtained by using a variety of 
synthetic approaches familiar to those skilled in the art, including combinatorial chemistry based techniques. 
Candidate small molecules, drugs, or other compounds may be evaluated by determining their ability to increase the 
activity of a compound which increases the partitioning of dietary lipids to the liver in the rat hepatocyte assay of 

30 Example 5. Those compounds which increase the activity of a compound which increases the partitioning of dietary 
lipids to the liver in the rat hepatocyte assay may be further evaluated in the postprandial lipemic response assay of 
Example 6, the plasma triglyca-ide assay of Example 7, tte food intake assay of Example 8, or the weight loss assay 
of Exan^Ie 7. 

As described above, the present invention also relates to m«licaments for reducing the activity of 
35 compounds which increase the partitioning of dietary lipids to the liver. Such medicaments may be used to treat 
conditions such as those described above in which it is desirable to decrease the partitioning of dietary lipids to the 
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liver (i.e. to increase the partitioning of dietary lipids to the adipose tissue). The activity of compounds which 
increase the partitioning of dietary lipids to the liver (including Adipod ApMt, Clt|, any of the above-described 
compounds analogous to Clq, or compounds having at least one consensus sequence selected from the group 
consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 25% 
5 homology to a sequence selected from the group consisting of SEQ ID l\IOs. 7-14, compounds comprising an amino 
add sequence having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, 
and confounds comprising an amino acid sequence having at least 80% homology to a sequence selected from the 
group consisting of SEQ ID NOs. 7-14 or a fragment of the preceding compounds) may be reduced using a variety of 
methods, including the methods described below. 

10 The partitioning of dietary lipids to the liver may also be increased by preparing an antibody which binds to 

the y subunit the CI q receptor (gClq-R) or a protein related thereto, as well as fragments of these proteins. Such 
antibodies may modulate the interaction between LSR and the y subunit, the CI q receptor (gClq-R) or a protein 
related thereto in a manner which increases the partitioning of dietary lipids to the liver. The antibodies may be any 
of the antibodies described below. 

15 In one procedure for reducing the activity of a compound which increases the partitioning of dietary lipids 

to the liver, an antibody which inhibits the activity of the compound is administered to an individual. The antibody 
may be polyclonal or monoclonal. 

Polyclonal antibodies capable of specifically binding to a compound which increases the partitioning of 
dietary lipids to the liver may be obtained by using the compound (or a fragment thereof) as an immunogen in the 

20 procedures described in Example 1 above. Alternatively, polyclonal antibodies may be generated against the y 
subunitr the C1q rec^tor (gC1q-R) or a protein related thereto, as well as fragments of these proteins. 

Monoclonal antibodies to compounds which increase the partitioning of dietary lipids to the liver can be 
prepared from murine hybridomas according to the classical method of Kohler, G. and Milstein, C, Mature 256:495 
(1975) or derivative methods thereof. Briefly, a mouse is repetitively inoculated with a few micrograms of the 

25 compound or a fragment thereof (such as AdipoO, ApM1, Clq, any of the above-described compounds analogous to 
Clq, or compounds having at least one consensus sequence selected from the group consisting of SEQ ID l\IO:1 and 
SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence selected 
from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an 

30 amino acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14 or a fragment of the preceding compounds] over a period of a few weeks. Alternatively, monoclonal antibodies 
may be generated against they subunit the Clq receptor (gClq-R) or a protein related thereto, as well as fragments 
of these proteins. 

The mouse is then sacrificed, and the antibody producing cells of the spleen isolated. The spleen cells are 
35 fused by means of polyethylene glycol with mouse myeloma cells, and the excess unfused cells destroyed by growth 
of the system on selective media comprising antinopterin (HAT media). The successfully fused cells are diluted and 
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aliquots of the dilution placed in wells of a microtiter plate where growth of the culture is continued. Antibody- 
producing clones are identified by detection of antibody in the supernatant fluid of the welis by immunoassay 
procedures, such as Elisa, as originally described by Engvall E., Meth. Enzymol. 70:419 (1980), and derivative 
methods thereof. Selected positive clones can be expanded and their monoclonal antibody product harvested for use. 
5 Detailed procedures for monoclonal antibody production are described In Davis, L et al. Basic Methods in 
Molecular Biology Elsevier, New York. Section 21-2. 

Antibodies which are capable of inhibiting the activity of compounds which increase the partitioning of 
dietary lipids to the liver (including Adipod ApMI, Clq, any of the above-described compounds analogous to Clq, 
compounds having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID 

10 NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence selected from 
the group consisting of SEQ ID NQs. 7*14, compounds comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an 
amino acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14} may be identified by contacting the compound with increasing amounts of the monoclonal or polyclonal 

15 antibodies prior to conducting or while conducting the assay described in Example 5 with the compound. Those 
antibodies which reduce binding, internalization, and/or degradation in the rat hepatocyte assay may be tested for in 
vivo activity by administering increasing amounts of the antibodies to mice and detemiining the ability of the 
antibodies to inhibit the compound-mediated reduction in postprandial triglyceride response in the assay described in 
Example 6 above, the ability of the antibodies to inhibit the compound-mediated reduction in plasma triglycerides in 

20 the assay described in Example 7 above, the ability of the antibodies to inhibit the compound-mediated reduction of 
food intake in obese mice in the assay described in Example 8 above, or the ability of the antibodies to inhibit the 
conqiound-mediated weight loss in the assay described in Example 7. 

The partitioning of dietary lipids to the liver may also be reduced by preparing an antibody which binds to 
the y subunit, the Clq receptor (gClq-R) or a protein related thereto, as well as fragments of these proteins. Such 

25 antibodies may modulate the interaction between AdipoQ, ApMI, or analogous proteins and the y subunit the Clq 
receptor (gClq-R) or a protein related thereto in a manner which reduces the partitioning of dietary lipids to the liver. 
The antibodies may be any of the antibodies described above. 

Alternatively, the partitioning of dietary lipids to the liver may also be reduced using fragm^ts of 
antibodies which retain the ability to specifically bind AdipoQ, ApMI, Clq, any of the above-described compounds 

30 analogous to 01 q, compounds having at least one consensus sequence selected from the group consisting of SEQ ID 
N0:1 and SEQ 10 NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at 
least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising 
an amino acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID 

35 NOs. 7-14. the y subunit the Clq receptor (gC1q-R) or a protein related thereto, as well as fragments of these 
proteins. For example, the fragments may be Fab fragments, which may be prepared using methods familiar to those 
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of skill in the art. 

Alternatively^ the antibodies may comprise humanized antibodies or single chain antibodies. A variety of 
methods for making humanized antibodies or single chain antibodies are familiar to those skilled in the art, including 
the techniques described in U.S. Patent Nos. 5,705,154, 5,565332, and 5,608,039. 
5 Those antibodies which inhibit the compound-mediated effects in one or more of the assays described 

above may then be used in medicaments for reducing the activity of compounds which increase the partitioning of 
dietary lipids to the liver. The antibodies may be adidnistered to indh/iduals in a pharmaceuticaDy acceptable carrier 
sudi as those described above. 

Alternatively, the activity of compounds which increase the partitioning of dietary lipids to the liver 

10 (including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, or compounds having at 
least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2; compounds 
comprising an amino acid sequence having at least 25% homology to a sequence selected from the group consisting 
of SEQ ID NGs. 7-14, compounds comprising an amino acid sequence having at least 50% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an an^no acid sequence having 

15 at least 80% homology to a sequence selected from the group consisting of SEQ ID NQs. 7-14, or a fragment of the 
preceding compounds) may be reduced by reducing the expression of the genes encoding the compounds. A variety 
of approaches may be us^ to reduce gene expression, including antisense or triple helix based strategies. 

In antisense approaches, nucleic acid sequences complementary to the mRNA encoding the compound 
capable of increasing the partitioning of dietary lipids to the liver are hybridized to the mRNA intracellularly, thereby 

20 blocking the expression of the protein encoded by the mRNA. The antisense sequences may prevent gene expression 
through a variety of mechanisms. For example, the antisense sequences may inhibit the ability of ribosomes to 
translate the mRNA. Alternatively, the antisense sequences may block transport of the mRNA from the nucleus to 
the cytoplasm, ttereby limiting the amount of mRNA available for translation. Another mechanism through which 
antisense sequences may inhibit gene expression is by interfering with mRNA splicing. In yet another strategy, the 

25 antisense nucl^c acid may be incorporated in a ribozyme capable of specifically cleaving the target mRNA. 

The antisense nucleic acU molecules to be used in gene therapy may be either DNA or RNA sequences. 
They may comprise a sequence complementary to the sequence of a gene, or a portion of a gene, encoding a 
compound which increases the partitioning of dietary lipids to the liver. The antisense nucleic acids should have a 
length and melting temperature sufficient to permit formation of an intracellular duplex having sufficient stability to 

30 inhibit the expression of the mRNA in the duplex. Strategies for designing antisense nucleic acids suitable for use in 
gene therapy are disclosed in Green et al., Ann. Rev. Biochem. 55:569*597 (1986) and Izant and Weintraub, Cell 
36:1007*1015 (1984), which are hereby incorporated by reference. 

In some strategies, antisense molecules are obtained from a nucleotide sequence encoding a compound 
which increases the partitioning of dietary lipids to the liver by reversing the orientation of the coding region with 

35 respect to a promoter so as to transcribe the opposite strand from that which is normally transcribed in the cell The 
antisense molecules may be transcribed using in vitro transcription systems such as those which empby T7 or SP6 
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polymerase to generate the transcript. Another approach involves transcription of the antlsense nucleic acids m mo 
by operably linking DNA containing the antisense sequence to a promoter in an expression vector. 

Alternatively, oligonucleotides which are complementary to the strand normally transcribed in the cell may 
be synthesized in vitro. For example, the oligonucleotides used in antisense procedures may be prepared on an 
5 oligonucleotide synthesizer or they may be purchased commerciaily from a company specializing in custom 
oligonucleotide synthesis, such as GENSET, Paris, France. 

The antisense nucleic acids are complementary to the corresponding mRNA and are capable of hybridizing 
to the mRNA to create a duplex. In some embodiments, the antisense sequences may contain modified sugar 
phosphate backbones to increase stability and make them less sensitive to RNase activity. Examples of 
1 0 modifications suitable for use in antisense strategies are described by Rossi et al., Pharmacol. Ther« 50(2):245- 
254,(1991). 

Various types of antisense oligonucleotides complementary to genes encoding compounds which influence 
the partitioning of dietary lipids to the liver (including genes encoding AdipoQ, ApMI, Clq, any of the above-described 
compounds analogous to Clq, compounds having at least one consensus sequence selected from the group 

1 5 consisting of SEQ ID N0:1 and SEQ 10 NO: 2, confounds comprising an amino acid sequence having at least 25% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino 
add sequ^ce having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, 
or confounds comprising an amino acid sequence having at least 80% homology to a sequence selected from the 
group consisting of SEQ ID NOs. 7-14) may be used. In one preferred embodiment, stable and semi-stable antisense 

20 oligonucleotides described in International Application No. PCT W094/23Q26, hereby incorporated by reference, are 
used. In these molecules, the 3' end or both the 3' and 5' ends are engaged in intramolecular hydrogen bonding 
between complementary base pairs. These molecules are better able to witiistand exonuclease attacks and exhibit 
increased stability compared to conventional antisense oligonucleotides. 

In another preferred embodiment, the antisense oligodeoxynucleotides described in International Application 

25 No. WO 95/04141, the disclosure of which is incorporated herein by reference, are used. 

in yet another prefen'ed embodiment, the covatently cross-linked antisense oligonucleotides described In 
Internationa] Application No. WO 96/31523, hereby incorporated by reference, are used. These double- or single- 
stranded oligonucleotides comprise one or more, respectively, inter- or intra-oligonucleotide covalent cross-linkages, 
wherein the linkage consists of an amide bond between a primary amine group of one strand and a carboxyl group of 

30 the other strand or of the same strand, respectively, the primary amine group being directly substituted in the T 
position of the strand nucleotide monosaccharide ring, and the carboxyl group being carried by an aliphatic spacer 
group substituted on a nucleotide or nucleotide analog of the other strand or the same strand, respectively. 

The antisense oligodeoxynucleotides and oligonucleotides disclosed in International Application No. WD 
92/18522, incorporated by reference, may also be used. These molecules are stable to degradation and contain at 

35 least one transcription control recognition sequence which binds to control proteins and are effective as decoys 
therefor. These molecules may contain "hairpin" structures, "dumbbell" structures, "modified dumbbell" structures, 
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"cross-linked" decoy structures and "loop" structures. 

In another preferred embodiment, the cyclic double-stranded oligonucleotides described in European Patent 
Application No, 0 572 287 A2, hereby incorporated by reference are used. These ligated oligonucleotide "dumbbells" 
contain the binding site for a transcription factor and inhibit expression of the gene under control of the transcription 
5 factor by sequestering the factor. 

Use of the closed antisense oligonucleotides disclosed in International Application No. WO 92/19732, 
hereby incorporated by reference, is also contemplated. Because these molecules have no free ends, they are more 
resistant to degradation by exonucleases than are conventional oligonucleotides. These oligonucleotides may be 
multifunctional, interacting with several regions which are not adjacent to the target mRNA. 

] 0 It is further contemplated that the antisense oligonucleotide sequence is incorporated into a ribozyme 

sequence to enable the antisense to specifically bind and cleave its target mRNA. For technical applications of 
ribozyme and antisense oligonucleotides see Rossi et al., supra. 

The appropriate level of antisense nucleic acids required to inhibit gene expression may be detennined using 
in vitro expression analysis. The antisense molecule may be introduced into cells which express the target gene by 

1 5 diffusion, injection, infection or transfection using procedures known in the art. For example, if the target gene is the 
AdipoQ gene or a gene encoding an analogous protein (such as the AdipoQ gene or tte ApMI gene), the antisense 
molecule may be introduced into adipocytes. 

The antisense molecules are introduced onto cell samples at a number of different concentrations 
preferably between 1x10*^°M to IxlO^M. Once the minimum concentration that can adequately control gene 

20 expression is identified, the optimized dose is translated into a dosage suitable for use in vivo. For example, an 
inhibiting concentration in culture of 1x10'^ M translates into a dose of approximately 0.6 mg/kg body weight. Levels 
of oligonucleotide approaching 100 mg/kg body weight or higher may be possible after testing the toxicity of the 
oligonucleotide in laboratory animals. 

When using the antisense molecules as a medicament, the antisense nucleic acids can be introduced into 

25 the body of an individual to be treated as a bare or naked oligonucleotide, oligonucleotide encapsulated in lipid, 
oligonucleotide sequence encapsidated by viral protein, or as an oligonucleotide operably linked to a promoter 
contained in an expression vector. The expression vector may be any of a variety of expression vectors known in the 
art, including retroviral or viral vectors such as those described above, vectors capable of extrachromosomal 
replication, or integrating vectors. The vectors may be DNA or RNA. It is additionally contemplated that cells from 

30 the vertebrate are removed, treated with the antisense oligonucleotide, and reintroduced into the vertebrate. 

Alternatively, the activity of a compound which increases the partitioning of dietary lipids to the liver may 
be reduced using strategies based on intracellular triple helix fomnation. Triple helix oligonucleotides are used to 
inhibit transcription from a genome. They are particularly useful for studying alterations in cell activity as it is 
associated with a particular gene. The gene encoding a compound which increases the partitioning of dietary lipids 

35 to the liver {such as the gene encoding AdipoQ, ApMI, C1q, any of the above-described compounds analogous to 
Clq or compounds having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and 
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SEQ 10 NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence selected 
from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% 
homology to a sequoice selected from the group consisting of SEQ 10 NOs. 7-14, or compounds comprising an amino 
acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14) 
S or, more preferably, a portion of such a gene, can be used in triple helix based approaches to inhibit gene expression. 
Traditionally, homopurine sequences were considered the most useful for triple helix strategies. However, 
homopyrimidine sequences can also inhibit gene expression. Such homopyrimidine oligonucleotides bind to the major 
groove at homopurine:homopyrimidine sequences. Thus, both types of sequences from genes encoding compounds 
which increase the partitioning of dietary lipids to the liver may be used in triple helix based approaches such as the 
10 following. 

The sequence of a gene encoding a compound which increases the partitioning of dietary lipids to the liver 
is scanned to identify lO mer to 20-mer homopyrimidine or homopurine stretches which could be used in triple-helix 
based strategies for inhibiting gene expression. In some embodiments, the natural (beta) anomers of the 
oligonucleotide units can be replaced with alpha anomers to render the oligonucleotide more resistant to nucleases. 

15 Further, an intercalating agent such as ethidium bromide, or the like, can be attached to the 3' end of the alpha 
oligonucleotide to stabilize the triple helix. For information on the generation of oligonucleotides suitable for triple 
Mix formation s% Griffin et al. (Science 245:967-971 (1989), which is hereby incorporated by this reference). 

Following identification of candidate homopyrimidine or homopurine stretches, their efficiency in inhibiting 
gene expression may be assessed by introdudng varying amounts of oligonucleotides containing the candidate 

20 sequences into cells which normally express the target gene and measuring the ability of the triple helix-forming 
nucleic acids to inhibit gene expression. For example, if the target gene is the AdipoQ gene or a gene encoding an 
analogous protein such as ApMI , the triple helix-forming nucleic acids may be introduced into adipocytes. 

The oligonucleotides may be introduced into the cells using a variety of methods known to those skilled in 
the art, including but not limited to calcium phosphate precipitation, DEAE-Oextran, electroporation, liposome- 

25 mediated transfection or native uptake. Treated cells are moratored for reduced gene expression using techniques 
such as Northern blotting, RNase protection assays, or PGR based strategies to monitor the transcription levels of 
the target gene in cells which have been treated with the oligonucleotide. 

The triple helix-forming oligonucleotides which are effective in inhibiting gene expression in tissue culture 
cells may then be used in medicaments for reducing the activity of the compound which increases the partitioning of 

30 dietary lipids to the liver. The triple helix-forming oligonucleotides may be introduced into an individual using the 
techniques provided in the above description of antisense strategies. 

Alternatively, the activity of a compound which increases the partitioning of dietary lipids to the liver may 
be reduced using derivatives of the compound which inhibit its activity. For example derivatives of compounds which 
increase the partitioning of dietary lipids to the liver (such as derivatives of AdipoQ, ApMI, Clq, any of the above- 

35 described compounds analogous to Clq or compounds having at least one consensus sequence selected from the 
group consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 
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25% homoiogy to a sequence selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising an 
amino acid sequence having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14, compounds comprising an amino acid sequence having at least 80% homology to a sequence selected from the 
group consisting of SEQ ID NOs. 7-14, or fragments of any of these proteins] may be prepared using the mutagenesis 
S or combinatorial chemistry procedures described above m connection with the preparation of derivatives having 
enhanced activity relative to the wild type. 

Derivative proteins or peptides produced using the above procedures may be used in medicaments for 
reducing the activity of compounds which increase the partitioning of dietary lipids to the liver. Such mutant proteins 
or peptides may reduce the activity of a compound which increases the partitioning of dietary lipids to the liver 

10 (including AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq, or compounds having at 
least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds 
comprising an amino acid sequence having at least 25% homology to a sequence selected from the poup consisting 
of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 50% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an amino acid sequence having 

15 at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14) through a variety of 
mechanisms, including by acting as antagonists to binding of the wild type proteins to their ligands. For example, the 
antagonists may have a reduced activity and can thus reduce the activity of the compound by competing with it. 

Derivative proteins or peptides which are capable of inhibiting the activity of the wild type protein may be 
identified by determining their ability to block the activity of the wild type proteins in assays such as the rat 

20 hepatocyte assay of Example 5, the postprandial lipemic response assay of Example 6, the plasma triglyceride assay 
of Example 7, the food intake assay of Example 3, or the weight loss assay of Example 7. Alternatively, the 
derivative proteins or peptides may be evaluated by determining their ability to increase food intake or cause a 
weight gain when administered in the assays of Examples 7 and 8. 

Those derivative proteins or peptides whi(^ inhibit the activity of the wild type proteins may be used in 

25 medicaments for reducing the activity of a compound which ini^eases the partitioning of dietary lipids to the liver. In 
such medicaments, the derivative protein or peptide may be administered to the individual in a phamiaceutically 
acceptable carrier such as those described above. The derivative protein or peptide may be administered through any 
of the routes and at any of the dosages described above. 

In addition, as discussed above, small molecules, drugs, or other compounds which reduce the activity of a 

30 compound which increases the partitioning of dietary lipids to the liver may be obtained by using a variety of 
synthetic approaches familiar to those skilled in the art, including combinatorial chemistry based techniques. 
Candidate small molecules, drugs, or other compounds may be evaluated by determining their ability to inhibit the 
activity of a compound which increases the partitioning of dietary lipids to the liver in the rat hepatocyte assay of 
Example 5. Those compounds which inhibit the activity of a compound which increases the partitioning of dietary 

35 lipids to the liver in the rat hepatocyte assay may be further evaluated in the postprandial lipemic response assay of 
Example 6, the plasma triglyceride assay of Exanple 7, the food intake assay of Example 8, or the weight loss assay 
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of Example 8. 

Thus, one aspect of the present invention is an agent which increases the activity of a compound which 
increases the partitioning of dietary lipids to the liver for use as a pharmaceutical. In particular, the agent may be 
used for treating a condition selected from the group consisting of obesity, obesity-related atherosclerosis, obesity- 
5 related insulin resistance, obesity-related hypertension, obesity-related microangiopathic lesions, obesity-related 
ocular lesions, obesity-related renal lesions, and other conditions in which it is desirable to increase the partitioning of 
dietary lipids to the liver. In particular, the preceding conditions may be treated by administering a therapeutically 
effective amount of a compound which increases the partitioning of dietary lipids to the liver in a pharmaceutically 
acceptable carrier to an individual suffering from the preceding conditions. In some embodiments the medicament 

10 can be administered to an individual who has been determined to have less than the normal level of activity of a 
compound which increases the partitioning of dietary lipids to the liver. In particular, the medicament may comprise 
AdipoQ, ApMI, Clq, any of the above-described compounds analogous to Clq or compounds having at least one 
consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, compounds comprising an 
amino acid sequence having at least 25% homology to a sequence selected from the group consisting of SEQ ID I\t0s. 

15 7-14, compounds comprising an anim acid sequence having at least 50% homology to a sequence selected from the 
group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at least 80% homology 
to a sequence selected from the group consisting of SEQ ID NOs. 7-14, or fragments of any of these proteins. 
Alternatively, the medicament may comprise a derivative of the preceding compounds which exhibits greater activity 
than the wild type compound or a nucleic acid which increases the level of expression of the preceding compounds in 

20 the individual. 

Another aspect of the present invention is an agent which inhibits the activity of a compound which 
increases the partitioning of dietary lipids to the liver for use as a pharmaceutical. The pharmaceutical may be used 
for treating a condition selected from the group consisting of cachexia in subjects with neoplastic or para-neoplastic 
syndrome, eating disorders, and other conditions in which it is desirable to reduce the partitioning of dietary lipids to 

25 the liver. In particular, tiie preceding conditions may be treated by administering a therapeutically effective amount 
of an agent which inNbits the activity of a compound which increases the partitioning of dietary lipids to the liver in a 
pharmaceutically acceptable carrier to an individual suffering from the preceding conditions. In some embodim^ts 
the medicament can be administered to an individual who has been determined to have more than the normal level of 
activity of a compound which increases the partitioning of dietary lipids to the liver, in particular, the medicament 

30 may comprise an agent which inhibits the activity of AdipoQ, ApMI, Clq, any of the above-described compounds 
analogous to Clq, a compound having at least one consensus sequence selected from the group consisting of SEQ ID 
N0:1 and SEQ ID NO: 2, compounds comprising an amino acid sequence having at least 25% homology to a sequence 
selected from the group consisting of SEQ ID NOs. 7-14, compounds comprising an amino acid sequence having at 
least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, or a confound 

35 comprising an amino acid sequence having at least 80% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14. For example the medicament may comprise an antibody which inhibits the activity of AdipoQ, 
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ApM1, Clq, any of the above-described compounds analogous to CI a compound having at least one consensus 
sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, a compound comprising an amino 
acid sequence having at least 25% homology to a sequence selected from the group consisting of SEQ ID NOs. 7*14, 
a compound comprising an amino acid sequence having at least 50% homology to a sequence selected from the 
5 group consisting of SEQ ID NOs. 7-14, or a compound comprising an amino acid sequence having at least 80% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14. The medicament may also 
comprise a derivative of AdipoQ, ApMI, Clq, any of the above-described compounds analogous to C1q, a compounds 
teving at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, a 
compound comprising an amino acid sequence having at least 25% homology to a sequence selected from the group 

10 consisting of SEQ ID NOs, 7-14, a compound comprising an amino acid sequence having at least 50% homology to a 
sequence selected from the group consisting of SEQ ID NOs. 7-14, and compounds comprising an amino acid 
sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, or a 
fragment of the preceding compounds which inhibits the activity of AdipoQ, ApMI, Clq, any of the above-described 
compounds analogous to CI q, a compound having at least one consensus sequence selected from the group 

IS consisting of SEQ ID NQ:1 and SEQ ID NO: 2, a compound comprising an amino acid sequence having at least 25% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, a compound comprising an amino 
acid sequence having at least 50% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, 
or a compound comprising an amino acid sequence having at least 80% homology to a sequence selected from the 
group consisting of SEQ ID NOs. 7-14. Alternatively, the medicament may comprise a nucleic acid, such as an 

20 antisense nucleic acid or a triple helix-forming nucleic acid, which alters the expression or decreases the level of 
expression of AdipoQ, ApMI, Clq, any of the above-described compounds analogous to CI q, a compound having at 
l^st one consensus sequence selected from the group consisting of SEQ ID N0:1 and SEQ ID NO: 2, a compound 
comprising an amino acid sequence having at least 25% homology to a sequence selected from the group consisting 
of SEQ ID NOs. 7-14, a compound comprising an amino acid sequence having at least 50% homology to a sequence 

25 sdected from the group consisting of SEQ ID NOs. 7*14, or a compound comprising an amino acid sequence having at 
least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14 in the individual. 

Obese individuals express lower than normal levels of AdipoQ or AdipoQ related compounds. (Hu et aL, J. 
Biol. Chem. 271: 10637-10703 (1998)). Obese individuals having decreased activity of AdipoQ, ApMI, or analogous 
compourds in their plasma, body fluids, or body tissues may be at risk of developing a variety of conditions 

30 associated with partitioning lower than normal levels of dietary lipids to the liver (i.e. partitioning higher than normal 
levels of dietary lipids to the adipose tissues). In particular, such individuals may suffer from obesity-related 
atherosclerosis, obesity-related insulin resistance, obesity-related hypertension, obesity-related microangiopathic 
lesions, obesity-related ocular lesions, and obesity-related renal lesions. Accordingly, another aspect of the present 
invention is a method for detemuning whether an obese individual is at risk of suffering from a condition selected 

35 from the group consisting of obesity-related atherosclerosis, obesity-related insulin resistance, obesity-related 
hypertension, obesity-related microangiopathic lesions, obesity-related ocular lesions, obesity-related renal lesions 
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comprising determining whether the individual has a below normal level of activity of AdipoQ, ApMI or analogous 

compounds in plasma, body fluids, or body tissues. 

The level of AdipoQ, ApMI or analogous compounds in plasma, body fluids, or body tissues may be 

detemiined using a variety approaches. In particular, the level may be determined using ELISA, Western Blots, or 
5 protein electrophoresis. 

Another aspect of the present invention relates to methods of identifying molecules which bind to the y 

subunit. As discussed above, the y subunit may be the C1q receptor (gClq-R) or a proton rdated thereto. 

Accordingly, as used below, the terminology "y subunit" will refer to gC1q-R or the related protein which makes up 

the y subunit of the LSR complex. 
10 Molecules which bind to the y subunit may be used in the m^icaments and methods of the present 

invention to increase or decrease the partitioning of dietary lipids to the liver. For example, such molecules may act 

as agonists or antagonists to stimulate or decrease the activity of LSR. 

There are numerous methods available for identifying y subunit ligands. One such method is described in 

U.S. Patent No. 5,270,170, the disclosure of which is incorporated herein by reference. Briefly, in this method, a 
15 random peptide library is constructed. The random peptide library comprises a plurality of vectors encoding fusions 

between peptides to be tested for y subunit binding activity and a DNA binding protein, such as the lac repressor 

encoded by the lad gene. The vectors in the random peptide library also contain binding sites for the DI\IA binding 

protein, such as the lacO site in the case where the DNA binding protein is the lac repressor. The random peptide 

library is introduced into a host celt, where the fusion protein is expressed. The host cells are then lysed under 
20 conditions which permit the DNA binding portion of the fusion protein to bind to the DNA binding sites on the vector. 

The vectors having the fusion proteins bound thereto are placed in contact with immobilized y subunit, or 

an immobilized fragment of y subunit under conditions which permit peptides to bind specifically. For example, y 

subunit or a fragment thereof may be immobilized by affixing it to a surface such as a plastic plate or a particle. In 

particular, the immobilized fragment of y subunit may comprise the C 1 q, AdipoQ or ApM 1 binding site. 
25 Those vectors which encode random peptides capable of binding to the immobilized y subunit, or a 

fragment thereof, or the Clq, AdipoQ or ApM1 binding site thereof will be specifically retained on the surface via the 

interaction between the peptide and y subunit, a fragment of the y subunit, or the Clq, AdipoQ or ApMI binding site 

thereof. 

Alternatively, molecules capable of binding to the y subunit may be identified using two-hybrid systems 
30 such as the Matchmaker Two Hybrid System 2 (Catalog No. K1 604-1, Clontech). As described in the manual 
accompanying the Matchmaker Two Hybrid System 2 (Catalog No. K 1604-1, Clontedi), which is incorporated herein 
by reference, nucleic acids encoding the y subunit, a fragment thereof, or a fragment comprising the Clq, AdipoQ or 
ApMI binding site are inserted into an expression vector such that they are in frame with DNA encoding the DNA 
binding domain of the yeast transcriptional activator 6AL4. Nucleic acids in a library which encode proteins or 
35 peptides which might interact with the y subunit, a fragment of the y subunit or the C 1 AdipoQ or ApM1 binding 
site are inserted into a second expression vector such that they are in frame with DNA encoding the activation 
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domain of GAL4. The two expression plasmids are transformed into yeast and the yeast are plated on selection 
medium which selects for expression of selectable markers on each of the expression vectors as well as GAL4 
dependent expression of the HIS3 gene. Transf ormants capable of growing on medium lacking histidine are screened 
for GAL4 dependent iacZ expression. Those cells which are positive in both the histidine selection and the lacZ assay 
5 contain plasmids encoding proteins or peptides which interact with the y subunit, a fragment thereof, or the Clq, 
AdipoQorApMI binding site. 

Alternatively, to study the interaction of the y subunit a fragment thereof, or a f ragmwit comprising the 
Clq, AdipoQ or ApMl binding site thereof with drugs or small molecules, such as molecules generated through 
combinatorial chemistry approaches, the microdialysis coupled to HPLC method described by Wang et a!., 

10 Chromatographia, 44, 205-208(1997) or the affinity capillary electrophoresis method described by Busch et al, J. 
Chromatogr. 777:31 1-328 (1997), the disclosures of which are incorporated herein by reference can be used. 

In further methods, proteins, peptides, drugs, small molecules, or other compounds which interact with the 
y subunit, a fragment thereof, or a fragment comprising the Clq, AdipoQ or ApMI binding site thereof may be 
identified using assays such as the following. The molecule to be tested for binding is labeled with a detectable 

15 label, such as a fluorescent, radioactive, or enzymatic tag and placed in contact with immobilized y subunit, a 
fragment thereof, or a fragnfient comprising the Clq, AdipoQ or ApMI binding site thereof under conditions which 
permit specific binding to occur. After removal of non-specifically bound molecules, bound molecules are detected 
using appropriate means. 

Alternatively, proteins, peptides, drugs, small molecules, or other compounds which bind to y subunit, a 

20 fragment thereof, or a fragment comprising the C1q, AdipoQ or ApMI binding site thereof may be identified using 
competition experiments. In such assays, the y subunit, a fragment thereof, or a fragment comprising the Clq, 
AdipoQ or ApMI binding site thereof is immobilized to a surface, such as a plastic plate. Increasing amounts of the 
proteins, peptides, drugs, small molecules, or other compounds are placed in contact with the immobilized y subunit, 
a fragment thereof, or a fragment comprising the Clq, AdipoQ or ApMI binding site thereof in the presence of a 

25 detectably labeled known y subunit ligand, such as AdipoQ, C 1 q, any of the above-described compounds analogous to 
Clq, a compound having at least one consensus sequence selected from the group consisting of SEQ ID N0:1 and 
SEQ ID NO: 2, a compound comprising an amino acid sequence having at least 25% homology to a sequence selected 
from the group consisting of SEQ ID NOs. 7-14, a compound comprising an amino acid sequence having at least 50% 
homology to a sequence selected from the group consisting of SEQ ID NOs. 7-14, or a compound comprising an 

30 amino acid sequence having at least 80% homology to a sequence selected from the group consisting of SEQ ID NOs. 
7-14. For example, they subunit ligand may be detectably labeled with a fluorescent, radioactive, or enzymatic tag. 
The ability of the test molecule to bind the y subunit, a fragment thereof, or a fragment comprising the Clq, AdipoQ 
or ApM 1 binding site thereof is determined by measuring the amount of detectably labeled known ligand bound in the 
presence of the test molecule. A decrease in the amount of known ligand bound to the y subunit, a fragment 

35 thereof, or a fragment comprising the Clq, AdipoQ or ApM1 binding site thereof when the test molecule is present 
indicates that the test molecule is able to bind to the y subunit, a fragment thereof, or a fragment comprising the 
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Clq, AdipoQ or ApMI binding site thereof. This method may be used to identify compounds which bind to the y 
subunit and which therefore represent potential agonists or antagonists of LSR activity which can be exploited in the 
medicaments described above. 

Proteins, peptides, drugs, small molecules, or other compounds interacting with the y subunit, a 
5 fragment thereof, or a fragment comprising the CI q, AdipoQ or ApMI binding site thereof can also be screened 
by using an Optical Biosensor as described in Edwards et Leatherbarrow, Analytical Biochemistry, 246, 1-6 
(1997), the disclosure of which is incorporated herein by reference. The main advantage of the method is that it 
allows the determination of the association rate between the y subunit and other interacting molecules. Thus, it 
is possible to specifically select interacting molecules with a high or low association rate. Typically a target 

1 0 molecule is linked to the sensor surface (through a carboxymethi dextran matrix) and a sample of test molecules 
is placed in contact with the target molecules. TTie binding of a test molecule to the target molecule causes a 
change in the refractive index and/ or thickness. This change is detected by the Biosensor provided it occurs in 
the evanescent field (which extend a few hundred manometers from the sensor surface). In these screening 
assays, the target molecule can be they subunit, a fragment thereof, or a fragment comprising the Clq, AdipoQ 

15 or ApM 1 binding site thereof and the test sample can be a collection of proteins extracted from tissues or cells, a 
pool of expressed proteins, combinatorial peptide and/ or diemical libraries, phage displayed peptides, drugs, 
small molecules or other compounds. The tissues or cells from which the test protons are extracted can 
originate from any species. 

Proteins or other molecules interacting with the y subunit, a fragment thereof, or a fragment comprising 

20 the C 1 q, AdipoQ or ApM 1 binding site thereof can be also be found using affinity columns which contain the y 
subunit a fragment thereof, or a fragment comprising the Clq, AdipoQ or ApMI binding site thereof. The y 
subunit, a fragment thereof, or a fragment comprising the Clq, AdipoQ or ApMI binding site thereof may be 
attached to the column using conventional techniques including chemical coupling to a suitable column matrix 
such as agarose, Aff i Gel, or other matrices familiar to those of skill in the art. In some versions of tMs method, 

25 the affinity column contains chimeric proteins in which the y subunit, a fragment thereof, or a fragment 

comprising the Clq, AdipoQ or ApM 1 binding site thereof is fused to glutathione S-transfmse. A mixture of 
cellular proteins or pool of expressed proteins as described above and is applied to the affinity column. Proteins, 
peptides, drugs, small molecules or other molecules interacting with the y subunit, a fragment thereof, or a 
fragment comprising the Clq, AdipoQ or ApMI binding site thweof attached to the column can then be isolated 

30 and analyzed on 2-D electrophoresis gel as described in Ramunsen et al. Electrophoresis, 18, 588-598 (1997), 
the disclosure of which is incorporated herein by reference. Alternatively, the proteins or othK^ molecules retained 
on the affinity column can be purified by electrophoresis based methods and sequenced. The same method can be 
used to isolate antibodies, to screen phage display products, or to screen phage display human antibodies. 

The compounds identified using the above methods may be screened to detemnine whether they act as 

35 agonists or antagonists of LSR activity as follows. Those compounds which are agonists will increase LSR activity 
in one or more assays selected from the group consisting of the rat hepatocyte assay of Example 5, the postprmidial 
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lipemic response assay of Example 6, the plasma triglyceride assay of Example 7, the food intake assay of Example 
8, or the body weight assay of Example 7. Such compounds are useful in the medicaments discussed above for 
treating conditions in which It is desirable to increase the partitioning of dietary lipids to the liver. 

Alternatively, those compounds which are antagonists of LSR activity will inltibit the activity of AdipoQ in 
5 one or more assays selected from the group consising of the rat hepatocyte assay of Example 5, the postprandial 
lipemic response assay of Example 6, the plasma triglyceride assay of Example 1, the food intake assay of Example 
8, or the body weight assay of Example 7. Such compounds are useful in the medicaments discussed above for 
treating conditions in which it is desirable to reduce the partitioning of dietary lipids to the liver. 

It will be appreciated that certain variations to this invention may suggest themselves to those skilled in 
10 the art. The foregoing detailed description is to be clearly understood as given by way of illustration, the spirit and 
scope of this invention being interpreted upon reference to the appended claims. 
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